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Krxvhkrog frslqj lq zdu0 dqg shdfhwlph= fdwwoh vdohv lq
Uzdqgd/ 4<<405334
Pdulmnh Yhusrruwhq
￿
Fdwkrolf Xqlyhuvlw| ri Ohxyhq/ Ehojlxp
Devwudfw
Wkh hfrqrplf olwhudwxuh kdv jlyhq gxh dwwhqwlrq wr krxvhkrog frslqj vwudwhjlhv
lq shdfhwlph1 Lq frqwudvw/ olwwoh lv nqrzq derxw vxfk vwudwhjlhv lq zduwlph1 Wklv
sdshu vwxglhv wkh xvh ri fdwwoh dv d exhu vwrfn e| Uzdqgdq krxvhkrogv gxulqj
4<<405334/ d shulrg fkdudfwhul}hg e| flylo zdu dqg jhqrflgh1 Lw lv irxqg wkdw wkh
suredelolw| ri vhoolqj fdwwoh lqfuhdvhv xsrq wkh rffxuuhqfh ri erwk shdfhwlph dqg
zduwlph fryduldqw dgyhuvh lqfrph vkrfnv1 Wkh shdfhwlph fdwwoh vdohv duh odujho|
h{sodlqhg e| vkliwv lq wkh krxvhkrog dvvhw sruwirolr1 Lq frqwudvw/ lq 4<<7/ wkh |hdu
ri wkh jhqrflgh/ doprvw kdoi ri wkh fdwwoh vdohv zhuh prwlydwhg e| wkh qhhg wr
ex| irrg1 Krzhyhu/ zh dujxh wkdw wkh hhfwlyhqhvv ri wklv frslqj vwudwhj| zdv
vhyhuho| uhgxfhg gxh wr wkh zduwlph frqglwlrqv1 Iluvw/ gxulqj wkh |hdu ri hwkqlf
ylrohqfh/ fdwwoh sulfhv soxpphwhg wr ohvv wkdq kdoi ri wkhlu suh0jhqrflgh ydoxh1
Vhfrqg/ zh qg wkdw krxvhkrogv prvw wdujhwhg lq wkh ylrohqfh glg qrw vhoo fdwwoh1
Zh glvfxvv vhyhudo h{sodqdwlrqv iru wklv odwwhu qglqj1
MHO= G45/ G<4/ R45
Frslqj Vwudwhjlhv/ Exhu Vwrfn Prgho/ Fdwwoh/ Ylrohqw Frq lfw/ Uzdqgd
4 Lqwurgxfwlrq
Ghvslwh wkh suhydohqfh ri flylo zdu lq pdq| sduwv ri wkh ghyhorslqj zruog/ olwwoh lv nqrzq
derxw krxvhkrog uhvsrqvhv wr dgyhuvh lqfrph vkrfnv vwhpplqj iurp ylrohqw frq lfw1 Lq frq0
wudvw/ krxvhkrog uhvsrqvhv wr rwkhu vrxufhv ri lqfrph vkruwidoo/ vxfk dv udlqidoo luuhjxodulwlhv
dqg looqhvv/ kdyh ehhq h{whqvlyho| h{dplqhg lq wkh olwhudwxuh +h1j1 Dvidz dqg Yrq Eudxq/
￿
Uhvhdufk vfkrodu ri wkh ixqg iru Vflhqwlf Uhvhdufk 0 Iodqghuv/ Ehojlxp +IZR,/ Ghsduwphqw ri Hfr0
qrplfv/ FHV0NXOhxyhq1 h0pdlo= pdulmnh1yhusrruwhqChfrq1nxohxyhq1eh
45337/ Fruehww/ 4<;;/ Sd{vrq/ 4<<6/ Urvhq}zhlj/ 4<;;,1 Dffruglqj wr wklv olwhudwxuh/ uxudo
krxvhkrogv xvh vhyhudo frslqj vwudwhjlhv/ vxfk dv lqirupdo lqvxudqfh wkurxjk vrfldo qhwzrunv/
wkh uhrujdql}dwlrq ri krxvhkrog xqlwv/ whpsrudu| pljudwlrq/ dqg wkh ghsohwlrq ri dvvhwv wr
sxufkdvh irrg1 Wr d odujh h{whqw/ wkh olwhudwxuh rq shdfhwlph frslqj vwudwhjlhv fdq eh dssolhg
wr wkh dqdo|vlv ri krxvhkrog uhvsrqvhv lq zduwlph1 Lqghhg/ pxfk olnh d zlghvsuhdg kduyhvw
idloxuh/ srolwlfdo xquhvw pd| ohdg wr lqfuhdvhg irrg lqvhfxulw| xujlqj krxvhkrogv wr xvh rqh
ru vhyhudo ri wkhlu frslqj vwudwhjlhv1 Rq wkh rwkhu kdqg/ krxvhkrog vwudwhjlhv lq zduwlph
pd| glhu iurp wkrvh lq shdfhwlph ghshqglqj h1j1 rq wkh ghvwuxfwlrq ri lqiudvwuxfwxuh dqg
wkh odfn ri vdihw| fuhdwhg e| nloolqj dqg orrwlqj vroglhuv ru uheho jurxsv1 Wkhvh pd| fxuwdlo
wkh pryhphqw ri shrsoh dqg wkh glvwulexwlrq ri irrg dlg/ pdnlqj krxvhkrogv ghshqghqw rq
d uhvwulfwhg vhw ri wkhlu rzq frslqj vwudwhjlhv1
Wr zkdw h{whqw fdq krxvhkrogv nhhs xs zlwk irrg frqvxpswlrq gxulqj zduwlphvB Zklfk
frslqj vwudwhjlhv idlo dqg zklfk rqhv duh hhfwlyhB Dqvzhulqj wkhvh txhvwlrqv qrw rqo| vkhgv
oljkw rq wkh delolw| ri krxvhkrogv wr frsh zlwk fulvhv zkhq dlg lv devhqw/ exw dovr ohdgv wr d
ehwwhu xqghuvwdqglqj ri wkh nlqg ri dlg dqg wdujhwlqj wkdw duh uhtxluhg gxulqj/ dqg lq wkh
diwhupdwk ri ylrohqw frq lfwv1 Lq rughu wr jdlq vxfk lqvljkwv/ ghwdlohg lqirupdwlrq rq vkrfnv/
frslqj vwudwhjlhv/ krxvhkrog frqvxpswlrq/ dqg krxvhkrog lqfrph lv uhtxluhg1 Wklv w|sh ri
lqirupdwlrq lv kdug wr froohfw/ fhuwdlqo| lq zdu0dhfwhg duhdv1 Ehfdxvh ri lqvhfxulw| dqg
fkdrv lq srvw0frq lfw duhdv/ lqwhuylhzhuv fdq xvxdoo| rqo| froohfw wklv lqirupdwlrq zhoo diwhu
wkh ylrohqw vkrfnv rffxuuhg1 Dqrwkhu frpsolfdwlrq lv wkh qrq0udqgrpqhvv ri wkh srvw0frq lfw
vdpsoh vlqfh rqo| wkh vxuylyruv ri wkh frq lfw fdq surylgh uhfdoo lqirupdwlrq1 Ehfdxvh ri
wkhvh frpsolfdwlrqv/ wkh gdwd xvhg lq wklv vwxg| rqo| doorz d ehjlqqlqj ri dq dqvzhu wr wkh
deryh txhvwlrqv ri lqwhuhvw1
Zh pdnh xvh ri d gdwdvhw ri 58; Uzdqgdq shdvdqw krxvhkrogv lq wzr surylqfhv/ Jlnrqjrur
dqg Jlwdudpd1 Wkh gdwdvhw zdv froohfwhg lq 5335/ hljkw |hduv diwhu wkh jhqrflgh1 Wkh
gdwdvhw lv xqltxh ehfdxvh lw lqfoxghv ghwdlohg uhfdoo lqirupdwlrq rq erwk zdu dqg qrq0zdu
uhodwhg krxvhkrog vkrfnv wkdw rffxuuhg lq wkh shulrg 4<<4053341 Ixuwkhupruh/ wkh vxuyh|
uhfrughg doo w|shv ri fdwwoh wudqvdfwlrqv zlwklq wkh vdph shulrg1 Gdwd rq rwkhu krxvhkrog
dvvhwv/ krxvhkrog frqvxpswlrq dqg lqfrph duh olplwhg1 Wkhuhiruh/ zh irfxv rxu vwxg| rq
rqh vlqjoh frslqj vwudwhj|/ l1h1 fdwwoh vdohv1 Pruh vshflfdoo|/ zh vwxg| zkhwkhu shdvdqw
krxvhkrogv lq wkh surylqfhv Jlwdudpd dqg Jlnrqjrur vrog fdwwoh wr vprrwk frqvxpswlrq
xsrq wkh rffxuhqfh ri shdfhwlph dqg zduwlph vkrfnv1
Wkh olwhudwxuh rq shdfhwlph frslqj surylghv dpsoh hylghqfh wkdw uxudo krxvhkrogv lq gh0
yhorslqj frxqwulhv uhdfw wr dgyhuvh lqfrph vkrfnv e| glvvdylqj +Sd{vrq/ 4<<6> Xgu|/ 4<<8>
Doghupdq/ 4<<9> Olp dqg Wrzqvhqg/ 4<<;,1 Lw kdv dovr orqj ehhq k|srwkhvl}hg wkdw fuhglw0
frqvwudlqhg krxvhkrogv zklfk idfh vxevwdqwldo ulvn/ dffxpxodwh dvvhwv hvshfldoo| iru wkh sxu0
srvh ri frqvxpswlrq vprrwklqj +]hoghv/ 4<;</ Ghdwrq/ 4<<4,1 Hvwdeolvklqj uhvhuyhv iru wklv
sxusrvh lv uhihuuhg wr dv vhoi0lqvxudqfh ru suhfdxwlrqdu| vdylqjv1 Krzhyhu/ lw lv qrw fohdu lq
zklfk irup wkhvh vdylqjv rffxu1 Vr idu/ vhyhudo hpslulfdo vwxglhv kdyh irxqg hylghqfh iru
wkh xvh ri olyhvwrfn dv d exhu lq ghyhorslqj frxqwulhv/ hlwkhu dv sduw ri d frpprq vwudwhj|
5wr ghdo zlwk uhfxuuhqw vkrfnv ru lq uhvsrqvh wr xqxvxdo vwuhvv +Fruehww/ 4<;;> Nlqvh| hw
do1 4<<;/ PfShdn/ 5337/ Urvhq}zhlj dqg Zroslq/ 4<<6,1 Krzhyhu/ dq htxdoo| odujh qxpehu
ri vwxglhv uhsruw frqwudglfwlqj uhvxowv +Idifkdpsv hw do1/ 4<<;/ Olp dqg Wrzqvhqg/ 4<<;/
Xgu|/ 4<<8/ Nd}ldqjd dqg Xgu|/ 5339,1 Wkhvh odwwhu vwxglhv srlqw wr wkh gl!fxowlhv lq xvlqj
olyhvwrfn dv d exhu/ vxfk dv lwv ulvn| uhwxuq/ lwv whupv ri wudgh ulvn dqg lwv lqglylvlelolw|1
Wkh pl{hg hpslulfdo hylghqfh uh hfwv wkh wudgh0rv dvvrfldwhg zlwk wkh xvh ri fdwwoh dv
d exhu dv zhoo dv wkh lpsruwdqfh ri wkh hpslulfdo vhwwlqj lq zklfk wkh vwxg| wdnhv sodfh/
h1j1 wkh jhqhudo vwdqgdug ri olylqj/ wkh olyhvwrfn +qhw, uhwxuqv/ wkh dydlodelolw| ri rwkhu
frslqj vwudwhjlhv dqg vdihw| qhwv/ dqg wkh h{whqw ri irrg dqg olyhvwrfn pdunhw lqwhjudwlrq1
Wkh Uzdqgdq vhwwlqj surylghv dq lqwhuhvwlqj fdvh vwxg| ehfdxvh ri lwv kljk srsxodwlrq
ghqvlw|/ srvvleo| uhgxflqj wudqvdfwlrq frvwv/ dqg lwv sdvwxuh odqg vfduflw|/ pdnlqj olyhvwrfn
pdlqwhqdqfh lqfuhdvlqjo| frvwo|1
Krzhyhu/ rxu pdlq lqwhuhvw olhv lq vwxg|lqj wkh wudgh0rv dvvrfldwhg zlwk zduwlph fdwwoh
vdohv1 Rq wkh rqh kdqg/ Uzdqgdq krxvhkrogv idfhg d kxjh fryduldqw vkrfn lq 4<<71 Wkh|
kdg wr qg zd|v wr pdnh hqgv phhw/ exw pdq| frslqj vwudwhjlhv vxfk dv lqirupdo lqvxudqfh
zhuh xqgrxewhgo| xqghu vwuhvv lq zduwlph1 Vlqfh fdwwoh zhuh dw kljk ulvn ri ehlqj orvw ru
orrwhg/ lw lv qrw xqwklqndeoh wkdw krxvhkrogv wulhg wr txlfno| ghsohwh wkhlu fdwwoh vwrfn lq
h{fkdqjh iru irrg1 Rq wkh rwkhu kdqg/ wkh pruh krxvhkrogv ghflghg wr ghsohwh wkhlu fdwwoh/
wkh orzhu wkh sulfh ri fdwwoh frpsduhg wr irrg ehfdph/ dqg wkh ohvv hhfwlyh wklv vwudwhj|1
Ehvlghv/ hyhq li dw wkh wlph wkhuh zhuh hfrqrplf djhqwv lq Uzdqgd ru qhljkerulqj frxqwulhv
lqwhuhvwhg lq ex|lqj fdwwoh/ wkh odfn ri vdihw| rq wkh urdgv pd| kdyh suhyhqwhg vhoohuv dqg
ex|huv wr phhw1
Lq wkh wkhruhwlfdo sduw ri wklv sdshu/ zh suhvhqw d frqvxpswlrq0vprrwklqj prgho wr
looxvwudwh wkhvh zduwlph wudgh0rv/ l1h1 zh lqfoxgh wkh ulvn| fdwwoh uhwxuq/ wkh whupv ri wudgh
ulvn dqg wkh ulvn ri fdwwoh udlglqj1 Lq wkh hfrqrphwulf sduw/ zh whvw zkhwkhu krxvhkrogv vrog
fdwwoh lq uhvsrqvh wr zdu0uhodwhg dgyhuvh lqfrph vkrfnv dqg rwkhu vkrfnv1 Wr wklv hqg/ zh
glvhqwdqjoh d gluhfw phdvxuh ri vhoi0uhsruwhg vkrfnv lqwr vhyhudo frpsrqhqwv/ h1j1 zduwlph
dqg shdfhwlph vkrfnv/ ylrohqw dqg ohvv ylrohqw zduwlph vkrfnv1
Wkh uhvxowv uhyhdo wkdw fdwwoh vdohv zhuh uhvsrqvlyh wr fryduldqw dgyhuvh lqfrph vkrfnv
erwk lq shdfhwlph dqg lq zduwlph1 Glvwlqjxlvklqj ehwzhhq fdwwoh vdohv lq h{fkdqjh iru irrg
dqg rwkhu w|shv ri fdwwoh vdohv/ zh qg wkdw wkh shdfhwlph vdohv duh odujho| h{sodlqhg e| vkliwv
lq wkh krxvhkrog*v dvvhw sruwirolr/ zkhuhdv doprvw kdoi ri wkh zduwlph vdohv duh h{sodlqhg e|
frqvxpswlrq vprrwklqj prwlyhv1 Krzhyhu/ lw lv xqolnho| wkdw fdwwoh vdohv zhuh hhfwlyh wr
exhu frqvxpswlrq djdlqvw wkh zduwlph vkrfnv1 Iluvw/ gxulqj wkh jhqrflgh fdwwoh sulfhv
soxpphwhg/ zkloh irrg sulfhv vrduhg1 Vhfrqg/ zh qg wkdw krxvhkrogv prvw wdujhwhg lq wkh
ylrohqfh glg qrw vhoo wkhlu fdwwoh lq 4<<71 Zh glvfxvv wkuhh srvvleoh h{sodqdwlrqv iru wklv
odwwhu qglqj1
Wkh qh{w vhfwlrq surylghv lqvljkw lq wkh Uzdqgdq idup dqg olyhvwrfn v|vwhp dqg wkh
hhfwv ri wkh jhqrflgh rq irrg lqvhfxulw| dw wkh krxvhkrog ohyho1 Vhfwlrq wkuhh suhvhqwv rxu
wkhruhwlfdo iudphzrun1 Vhfwlrq irxu jlyhv dq ryhuylhz ri wkh gdwd xvhg dqg suhvhqwv vxppdu|
6vwdwlvwlfv rq lqfrph vkrfnv dqg fdwwoh wudqvdfwlrqv1 Vhfwlrq yh whvwv iru wkh xvh ri fdwwoh
vdohv wr frsh zlwk dgyhuvh lqfrph vkrfnv lq erwk zdu0 dqg shdfhwlph1 Vhfwlrq vl{ irfxvhv
rq fdwwoh sxufkdvh ehkdylru dqg hydoxdwhv zkhwkhu wkh krxvhkrogv lq rxu vdpsoh sxufkdvhg
fdwwoh lq dqwlflsdwlrq ri dgyhuvh lqfrph vkrfnv1 Vhfwlrq vhyhq suhvhqwv vrph gdwd dqg uhvxowv
iru vpdoo olyhvwrfn/ iru zklfk wkh dydlodeoh uhfdoo gdwd zdv pxfk ohvv h{whqghg wkdq iru fdwwoh1
Vhfwlrq hljkw frqfoxghv1
5 Uxudo olyholkrrg/ vkrfnv dqg frslqj vwudwhjlhv lq Uzdqgd
514 Idup v|vwhp dqg irrg +lq,vhfxulw|
Uzdqgd lv wkh prvw ghqvho| srsxodwhg frxqwu| lq Diulfd1 Qhyhuwkhohvv qrwzlwkvwdqglqj
khdy| srsxodwlrq suhvvxuh/ wkh Uzdqgdq srsxodwlrq kdv uhpdlqhg ryhuzkhoplqjo| uxudo dqg
ghshqghqw rq +pdlqo| vxevlvwhqfh, djulfxowxuh1 Wkh h{whqvlrq ri fxowlydwlrq wr xqxvhg odqg
kdv uhdfkhg lwv olplw1 Frqvhtxhqwo| wkh dyhudjh idup vl}h kdv ghfuhdvhg ryhu wlph +Fod|/
4<<9> Fod| hw do/ 5335> Jryhuqphqw ri Uzdqgd/ 5336> Ps|lvl hw do1 5336,1 Pruhryhu/ odqg
surgxfwlylw| kdv ghfolqhg dv ohvv ihuwloh odqg kdv ehhq wdnhq xs iru fxowlydwlrq1 Whfkqrorjlfdo
surjuhvv dqg djulfxowxudo lqwhqvlfdwlrq kdyh qrw |hw ehhq deoh wr wxuq wkh wlgh +Fod|/ 4<<9>
Fod| hw do1/ 5335> Dqguì dqg Sodwwhdx/ 4<<;> Ps|lvl hw do1/ 5336,
￿
1 Wkh uhvxow lv d jurzlqj
qxpehu ri irrg lqvhfxuh krxvhkrogv zlwk vpdoo dqg lqihuwloh odqg kroglqjv +PfNd| dqg
Oryhulgjh/ 5338,1
Ehvlghv vwuxfwxudo irrg lqvhfxulw|/ wkh Uzdqgdq uxudo srsxodwlrq uhjxoduo| idfhv vkdus
lqfrph  xfwxdwlrqv1 Iduphuv duh fkurqlfdoo| frqiurqwhg zlwk olyhvwrfn/ urrw dqg furs glv0
hdvhv/ exw udlqidoo frqglwlrqv uhpdlq wkh prvw lpsruwdqw idfwru lq ghwhuplqlqj wkh rxwfrph
ri wkh vhdvrq1 Lqvx!flhqw udlqidoo pd| uhvxow lq kduyhvw idloxuh/ zkloh khdy| udlqidoo lv riwhq
dvvrfldwhg zlwk d kljk djulfxowxudo rxwsxw lq Uzdqgd1 Wkh grzqvlgh lv wkdw h{fhvvlyh udlqv
fdxvh hurvlrq dqg dw wlphv  rrglqj> zdvklqj dzd| |rxqj fursv +IHZV QHW/ 5333,1
Wkh kdugvkls ri udlqidoo vkrfnv lv djjudydwhg e| irrg sulfh lqfuhdvhv iroorzlqj zlghvsuhdg
kduyhvw idloxuh1 Kljkhu sulfhv phdq pruh gl!fxow dffhvv wr irrg/ hvshfldoo| iru wkh srru zkr
ghshqg rq wkh pdunhw iru wkhlu vxevlvwhqfh1 Sulfh lqfuhdvhv iru vrph frpprglwlhv pd| eh
prghudwhg e| lpsruwv iurp rwkhu duhdv dqg iurp qhljkerulqj frxqwulhv1 Iru h{dpsoh/ sulfh
klnhv ri ehdqv duh sduwo| fkhfnhg e| lpsruwv iurp wkh Ghprfudwlf Uhsxeolf ri Frqjr dqg
Xjdqgd1 Lq Uzdqgd/ wkh pdlq pdunhwv iru qrq0shulvkdeoh frpprglwlhv/ vxfk dv fhuhdov
dqg sxovhv/ duh zhoo lqwhjudwhg/ exw wkrvh iru exon|/ shulvkdeoh frpprglwlhv vxfk dv vzhhw
srwdwrhv/ fdvvdyd dqg frrnlqj edqdqdv duh srruo| lqwhjudwhg1 Ghvslwh wkh pdunhw phfk0
dqlvpv/ sulfhv ri irrg fursv lq Uzdqgd duh kljko| vhqvlwlyh wr zhdwkhu frqglwlrqv1 Wkh|
ulvh dv d uhvxow ri gurxjkw0lqgxfhg surgxfwlrq vkruwidoov/ dqg idoo pdunhgo| lq wkh idfh ri dq
rswlplvwlf surgxfwlrq rxworrn +IHZV QHW/ 5333> DGGV udlqidoo gdwd 4<<;05334> SDVDU
￿
Wkh xvh ri lpsuryhg vhhgv dqg ihuwlol}hu lv yhu| olplwhg lq Uzdqgd/ hyhq frpsduhg wr Diulfdq vwdqgdugv
+Zruog Edqn/ 5338,1 Rwkhu irupv ri lqwhqvlfdwlrq/ vxfk dv lqfuhdvhg oderu lqsxw/ pl{hg fursslqj/ dqg wkh
xvh ri pdqxuh duh zlgho| dssolhg exw fdqqrw vx!flhqwo| errvw odqg surgxfwlylw|1
7pdunhw sulfhv/ 4<;905335,1
515 Olyhvwrfn v|vwhp
Fdwwoh sod| dq lpsruwdqw uroh lq wkh uxudo vrflhw| ri Uzdqgd1 Wkh| surylgh wkhlu rzqhu zlwk
vwdwxv dqg suhvwljh/ dqg duh h{fkdqjhg dv d vljq ri d forvh dqg hqgxulqj erqg/ iru h{dpsoh dv
sduw ri d eulgh sulfh +Gh Odph/ 4<<9> Pljhrwwh/ 4<<:,1 Krzhyhu/ lq wkh uhjlrq xqghu vwxg|/
wkh odwwhu sudfwlfh kdv ehfrph ohvv frpprq ryhu wlph1 Wkh vwxg| ri gdwd rq 896 pduuldjhv lq
rxu vdpsoh vkrzv wkdw diwhu 4<<6 dssur{lpdwho| 5;( ri pduuldjhv lqfoxghg fdwwoh dv d eulgh
sulfh/ frpsduhg wr 95( sulru wr 4<:7/ 79( gxulqj wkh shulrg 4<:704<;6 dqg 6<( gxulqj
4<;704<<61 Lq hfrqrplf whupv/ fdwwoh duh ydoxdeoh iru uxudo Uzdqgdq krxvhkrogv/ pdlqo|
ehfdxvh wkhlu pdqxuh lv zlgho| xvhg dv ihuwlol}hu
￿
1 Ghvslwh wkhvh glvwlqfw urohv ri fdwwoh/ d
qdwlrqzlgh vwxg| uhyhdov wkdw rqo| 63 shufhqw ri Uzdqgdq iduphuv rzqhg fdwwoh lq 5333/ zkloh
wkh sursruwlrq ri fdwwoh rzqhuv lq wkh orzhvw h{shqglwxuh txlqwloh zdv dv orz dv 48 shufhqw
+Jryhuqphqw ri Uzdqgd/ 5335e,1 Wkh oxpslqhvv ri fdwwoh frpelqhg zlwk wkh krxvhkrogv*
orz sxufkdvlqj srzhu/ hyhq lq jrrg furs |hduv/ pd| suhyhqw pdq| srru krxvhkrogv iurp
dffxpxodwlqj fdwwoh1
Lq Uzdqgd/ fdwwoh rzqhuvkls lv riwhq dvvrfldwhg zlwk wkh Wxwvl hwkqlf lghqwlw|1 Wklv lghd
lv ihg e| vhyhudo p|wkv/ vxfk dv wkh %Kdplwlf k|srwkhvlv%
￿
dqg wkh uhjlvwudwlrq ri hwkqlflw|
e| wkh Ehojldq frorqldo uhjlph
￿
1 Dsduw iurp wkhvh p|wkv/ wkh dvvrfldwlrq lv edvhg rq wkh
idfw wkdw/ sulru wr wkh Kxwx uhyroxwlrq ri 4<8</ wkrvh lq srzhu zhuh lghqwlhg dv Wxwvl dqg
dftxluhg zhdowk lq wkh irup ri fdwwoh zkloh ehlqj lq srzhu +Ghv Irujhv/ 4<<<,1 Krzhyhu/ lq
wkh uhjlrq xqghu vwxg| Wxwvl fdqqrw eh glvwlqjxlvkhg iurp Kxwx edvhg rq fdwwoh rzqhuvkls/
hfrqrplf dfwlylwlhv/ fxvwrpdu| sudfwlfhv ru odqjxdjh
￿
1 Wkh dvvrfldwlrq ehwzhhq Wxwvl dqg
fdwwoh lv pdwhuldol}hg lq rqo| vrph sduwv ri wkh frxqwu|1 Iru h{dpsoh/ wkh Edjrjzh dqg
Edklpd lq wkh qruwk ri wkh frxqwu| duh sdvwrudolvwv dqg xvxdoo| lghqwlhg dv Wxwvl
￿
1
Hyhq wkrxjk lq wkh uhjlrq xqghu vwxg| fdwwoh rzqhuvkls frxog qrw eh xvhg wr lghqwli|
Wxwvl/ wkh lqlwldwruv ri wkh jhqrflgh vxuho| pdgh xvh ri Wxwvl zhdowk lq wkh irup ri fdwwoh
￿
Fdwwoh duh kdugo| hyhu vodxjkwhuhg iru phdw frqvxpswlrq1 Li vr/ wkh phdw lv prvwo| frqvxphg lq xuedq
fhqwhuv1 Dqlpdo wudfwlrq lv yhu| uduh rq wkh kloo| kljkodqgv ri Uzdqgd1
￿
Dffruglqj wr wklv p|wk/ Wxwvl duh Kdplwh fdwwoh khughuv wkdw pljudwhg wr Uzdqgd dqg vxemxjdwhg wkh
lqgljhqrxv Edqwx djulfxowxudolvwv1 Wklv k|srwkhvlv kdv ehhq glvvhplqdwhg wkurxjk vfkrrov lq Uzdqgd vlqfh
wkh hduo| 4<53v/ exw lv frqwhvwhg e| pdq| dqwkursrorjlvwv dqg klvwruldqv +h1j1 Ghv Irujhv/ 4<<<> Qhzexu|/
4<<:/ 4<<;,1
￿
Lw lv riwhq vdlg wkdw wkh Ehojldq frorqldo dgplqlvwudwlrq fodvvlhg Uzdqgdqv dv Kxwx ru Wxwvl rq wkh
edvlv ri fdwwoh rzqhuvkls1 Krzhyhu/ wkh surfhgxuh iru srsxodwlrq uhjlvwudwlrq wrrn qr dffrxqw ri rzqhuvkls
ri fdwwoh1 Lqvwhdg/ wkh qxpehu ri fdwwoh zdv xvhg dv d wd{ edvh +Ghv Irujhv/ 4<<<> Pdpgdql/ 5334> Uh|qwmhqv/
4<;8> Lqirufrqjr/ 4<8<,
￿
Zh qrwh wkdw/ ghvslwh wkh krprjhqhlw| ri hfrqrplf dfwlylwlhv dfurvv hwkqlf jurxsv/ lqkdelwdqwv ri wkhvh
frppxqlwlhv nqhz yhu| zhoo wkh hwkqlf lghqwlw| ri wkhlu qhljkeruv1 Wkh hwkqlflw| iru hdfk dgxow zdv uhjlvwhuhg
lq d shuvrqdo oh dw wkh orfdo dgplqlvwudwlrq1 Fkloguhq wrrn wkh hwkqlf lghqwlw| ri wkhlu idwkhu/ ru/ lq wkh
devhqfh ri uhfrjqlwlrq e| wkh idwkhu/ ri wkhlu prwkhu1 Rqfh wkh| uhdfkhg wkh djh ri 4;/ wkhlu hwkqlf lghqwlw|
zdv wudqvihuuhg wr wkhlu shuvrqdo oh +Yhusrruwhq/ 5338,1
￿
Krzhyhu/ hyhq iru wkhvh jurxsv/ jhwwlqj ulg ri fdwwoh zdv fhuwdlqo| qrw vx!flhqw wr klgh wkhlu hwkqlf
lghqwlw|1 Lqghhg/ wkh| zhuh hdvlo| lghqwlhg zlwkrxw fdwwoh/ ehfdxvh wkh| olyhg frqfhqwudwhg lq d fhuwdlq
orfdwlrq dqg vkduhg glvwlqfwlyh fxvwrpdu| sudfwlfhv dqg olqjxlvwlf ihdwxuhv1
8wr xujh wkh Kxwx srsxodwlrq wr ylrohqfh/ iru h{dpsoh e| vd|lqj wkdw %wkh Wxwvl fdwwoh zhuh
mxvw zdlwlqj wr eh hdwhq% +Ghv Irujhv/ 4<<</ s1 5:5,1 Krzhyhu/ wkh uroh ri fdwwoh dv d zdu
wursk| dqg d uhzdug iru nloohuv lv qrw xqltxh wr wkh jhqrflgh qru wr Uzdqgd1 Wkurxjkrxw
wkh Uzdqgdq klvwru| lwv uxohuv wulhg wr zlq fdwwoh/ erwk lq frq lfwv zlwk rwkhu phpehuv ri
wkh holwh dqg lq dgyhqwxuhv deurdg +Ghv Irujhv/ 4<<<,1 Dovr lq Hdvw0Diulfdq frxqwulhv vxfk dv
Nhq|d/ Vxgdq/ Hwklrsld dqg Wdq}dqld fdwwoh udlglqj kdv ehhq dqg vwloo lv frpprq ehwzhhq
ulydo jurxsv +Ixnxl dqg Wxuwrq/ 4<:<> Dqghuvrq/ 4<;9> Exnxux/ 4<<9,1
Gdwd rq fdwwoh udlglqj gxulqj wkh Uzdqgdq jhqrflgh lv vfdufh1 Dffruglqj wr dq hvwlpdwh
sxw iruzdug e| IDR +4<<:, ;3 shufhqw ri wkh fdwwoh vwrfn zdv orvw gxulqj wkh Uzdqgdq jhqr0
flgh1 Orrwlqj vroglhuv/ plolwld dqg ruglqdu| flyloldqv nloohg fdwwoh iru lpphgldwh frqvxpswlrq
ru wr vsuhdg whuuru1 Fdwwoh zhuh dovr orvw ehfdxvh ri lqgluhfw hhfwv ri zduiduh/ qdpho|/ wkh
odfn ri sdvwxuh/ irgghu dqg yhwhulqdu| dwwhqwlrq gxulqj wkh zdu1 Uhvwrfnlqj ri fdwwoh lq
wkh lpphgldwh srvw0zdu |hduv zdv vorz ehfdxvh ri vhyhuh uxudo sryhuw|1 Exw d frpsdulvrq
ri wzr qdwlrqzlgh vxuyh|v/ ri 4<<3 dqg 5333/ vxjjhvwv wkdw e| 5333 wkh dyhudjh qxpehu ri
fdwwoh shu idup krxvhkrog doprvw uhdfkhg lwv suh0fulvlv ohyho ri derxw 3193 khdgv +IVUS hw
do1/ 4<;704<<5/ Jry1 ri Uzdqgd/ 5335e,
￿
1
Lq d orqjhu wlph shuvshfwlyh/ wkhuh lv hylghqfh wkdw wkh dyhudjh qxpehu ri fdwwoh shu idup
krxvhkrog kdv ghfuhdvhg1 Dffruglqj wr d qdwlrqzlgh vxuyh| ri 4<;7/ idup krxvhkrogv rzqhg
rq dyhudjh 31:8 khdg ri fdwwoh +IVUS hw do1/ 4<;704<<5,1 Rqh h{sodqdwlrq ri wkh ghfuhdvh
pljkw eh wkdw odqg vfduflw| surirxqgo| dhfwhg wkh olyhvwrfn v|vwhp1 Dv iduphuv vwduwhg
wr fxowlydwh odqg suhylrxvo| khog lq sdvwxuh/ sdvwxuh odqg ehfdph h{wuhpho| vfdufh dqg lwv
dffhvv sulydwl}hg +Fod|/ 4<<9> Fod| hw do1/ 5335> Ps|lvl hw do1/ 5336,1 D jurzlqj qxpehu ri
fdwwoh rzqhuv qhhghg wr uhqw lq sdvwxuh odqg/ ru nhhs wkhlu fdwwoh vwdeohg1 Wklv odwwhu rswlrq
lv frvwo| lq whupv ri wkh lqyhvwphqw lq wkh vwdeoh dqg wkh oderu wlph qhhghg iru ihhglqj dqg
zdwhulqj wkh vwdeohg fdwwoh
￿
1
Ehvlghv fdwwoh/ Uzdqgdq uxudo krxvhkrogv dovr nhhs vpdoo olyhvwrfn1 Lq 5333/ idup krxvh0
krogv rzqhg rq dyhudjh 4166 jrdwv/ 3176 vkhhs/ dqg 3166 sljv1 Derxw ;3 shufhqw ri idup
krxvhkrogv rzqhg vrph olyhvwrfn1 Hyhq lq wkh orzhvw h{shqglwxuh txlqwloh/ wkh sursruwlrq ri
olyhvwrfn rzqhuv zdv txlwh kljk dw :4 shufhqw +Jryhuqphqw ri Uzdqgd/ 5335e,1 Dowkrxjk
￿
D Uzdqgdq iduphu krxvhkrog rzqhg rq dyhudjh 3198 khdgv ri fdwwoh lq 4<<3/ frpsduhg wr 3193 lq 53331
Wkhvh jxuhv duh fdofxodwhg iurp uhvshfwlyho| wkh IVUS gdwd dqg wkh HLFY gdwd +Jryhuqphqw ri Uzdqgd/
5335e,1 Wkh IVUS vxuyh| zdv frqfhuqhg zlwk djulfxowxudo surgxfwlrq dqg glg qrw lqfoxgh sdvwrudo krxvh0
krogv1 Wkh HLFY zdv d qdwlrqdoo| uhsuhvhqwdwlyh vdpsoh ri doo w|shv ri krxvhkrogv1 Lq rughu wr frpsduh
fdwwoh rzqhuvkls dfurvv erwk gdwdvhwv/ L h{foxghg xuedq krxvhkrogv dqg wkh krxvhkrogv ri Xpxwdud surylqfh
iurp wkh HLFY gdwd1 Pdq| krxvhkrogv ri Xpxwduh surylqfh hqwhuhg Uzdqgd diwhu wkh jhqrflgh dqg duh
sdvwrudo krxvhkrogv1 Wkh krxvhkrogv olylqj lq Xpxwdud Surylqfh rzqhg rq dyhudjh 4314; khdgv ri fdwwoh lq
53331 Lqfoxglqj wkhvh zrxog lqfuhdvh wkh dyhudjh qxpehu ri fdwwoh rzqhg lq 5333 iurp 3193 wr 417: khdgv shu
krxvhkrog1
￿
Judvv vwulsv/ sodqwhg rq wkh hgjhv ri wkh odqg sdufhov duh xvhg iru ihhglqj vwdeohg fdwwoh1 Ihhglqj fdwwoh
ehfrphv hvshfldoo| wlph frqvxplqj lq wkh gu| vhdvrq/ dv erwk sdvwxuh odqg dqg judvv vwulsv ehfrph vfdufhu1
Wkh fdwwoh whqxuh v|vwhp wkdw kdv h{lvwhg vlqfh d orqj wlph edfn/ rhuv rqo| d sduwldo vroxwlrq iru wkh lqfuhdvhg
frvw dvvrfldwhg zlwk fdwwoh rzqhuvkls1 Wkh fduh iru dqlpdov lv gl!fxow wr prqlwru dqg d uxudo vhfwru fdq rqo|
kdyh dv pdq| fdwwoh dv lwv judvv vwulsv dqg sdvwxuh odqg fdq ehdu1 Pruhryhu/ wkh whqxuh v|vwhp lwvhoi kdv
fkdqjhg ryhu wlph1 Krxvhkrogv lq Jlnrqjrur uhsruwhg wkdw wkh fdwwoh rzqhu qrz kdv wr sd| wkh whqdqw prqh|
iru uhqwlqj lq sdvwxuh odqg ru iru exloglqj d vwdeoh +Yhusrruwhq/ 5339,1
9prvw idup krxvhkrogv vwloo suhihu wr rzq fdwwoh/ ehfdxvh ri lwv vrfldo suhvwljh dqg odujh txdq0
wlwlhv ri pdqxuh/ wkh| uhfrjql}h wkdw nhhslqj vpdoo olyhvwrfn kdv dgydqwdjhv1 Krxvhkrogv lq
Jlnrqjrur surylqfh phqwlrqhg wkdw jrdwv gr qrw qhhg d vwdeoh/ duh hdv| wr ihhg dqg fdq eh
vrog qhdue| vlqfh jrdw phdw lv frqvxphg lq vpdoo orfdo uxudo fhqwhuv1 Vkhhs/ prvwo| nhsw e|
odujh fdwwoh rzqhuv ehfdxvh ri wkh dgydqwdjhv ri d pl{hg fdwwoh0vkhhs jud}lqj v|vwhp/ duh
ohvv srsxodu lq Uzdqgd1 Wkhlu phdw lv doprvw h{foxvlyho| frqvxphg e| wkh Wzd/ d vpdoo
hwkqlf plqrulw|1 Wkh srsxodulw| ri sljv kdv lqfuhdvhg ryhu wlph1 Wkh dyhudjh qxpehu ri sljv
nhsw lq 5335 zdv pdunhgo| kljkhu wkdq wkh qxpehuv irxqg lq wkh vxuyh|v ri 4<;7 dqg 4<<3
+3166 shu uxudo krxvhkrog frpsduhg wr uhvshfwlyho| 3154 lq 4<<3 dqg 314; lq 4<;7,1 Shdvdqwv
phqwlrqhg wkdw sljv fdq eh ihg zlwk vzhhw srwdwrhv dqg kdyh d odujh r0vsulqj zlwk d olwwhu
ri 43 wr 45 qhzeruqv1 Ihz Uzdqgdq shdvdqwv hdw srun/ exw ehvlghv h{sruw rssruwxqlwlhv wr
qhljkerulqj frxqwulhv +prvwo| Frqjr,/ wkhuh lv d jurzlqj xuedq pdunhw iru srun phdw zlwklq
Uzdqgd +Yhusrruwhq/ 5339,1
516 Ulvn pdqdjhphqw dqg frslqj vwudwhjlhv
Uzdqgdq iduphuv kdyh vhyhudo h{0dqwh vwudwhjlhv wr pdqdjh ulvn1 Frqiurqwhg zlwk vpdoo
odqgkroglqjv/ rqh hphujlqj vwudwhj| lv wkh glyhuvlfdwlrq ri dfwlylwlhv e| uxudo0xuedq pljud0
wlrq/ r0idup hpsor|phqw dqg shww| wudgh +Yhusrruwhq/ 5339,1 Krzhyhu/ wkh prvw frpprq
vwudwhj| lv vwloo furs glyhuvlfdwlrq1 Uzdqgdq iduphuv fxowlydwh glhuhqw fursv rq pxowlsoh
sdufhov +Fod| dqg Ndpsd|dqd/ 4<<:> Jryhuqphqw ri Uzdqgd/ 5335d,1 Wkh odujh qxpehuv ri
fursv dqg sdufhov doorz d frqwlqxlw| ri kduyhvwv ryhu wkh |hdu/ zkloh uhgxflqj furs gdpdjh
ulvn +Eoduho hw do1/ 4<<5,
￿
1 Uhvhdufkhuv kdyh qrwlfhg dq h{sdqvlrq ri wkh surgxfwlrq ri wdur
+frorfdvld, dqg fdvvdyd ryhu wlph1 Wkhvh duh wxehuv ri olplwhg qxwulwlrqdo ydoxh/ exw wkh| duh
gurxjkw dqg  rrg uhvlvwdqw +Grqrydq hw do1/ 5335> Ps|lvl hw do1/ 5336> PfNd| dqg Oryhulgjh/
5338,1 Lw fdq eh dujxhg wkdw wklv h{sdqvlrq uh hfwv wkh iduphuv* vwudwhj| ri pd{lpl}lqj irrg
furs yroxph dqg khgjlqj djdlqvw wkh ulvn ri irrg lqvhfxulw|1
Lq vslwh ri wkh xvh ri elr0glyhuvlw| wr uhgxfh lqfrph ulvn/ luuhjxodulwlhv lq udlqidoo pd| hdvlo|
sxvk Uzdqgdq uxudo krxvhkrogv zkr olyh rq wkh hgjh ri irrg lqvhfxulw| ehorz vxevlvwhqfh1
Krxvhkrogv wkhq kdyh wr uho| rq irrg dlg ru rq wkhlu rzq h{0srvw frslqj vwudwhjlhv1 Dv
sduw ri vxfk frslqj vwudwhjlhv/ uxudo krxvhkrogv pd| whpsrudulo| uhgxfh wkh qxpehu ri phdov
hdwhq/ fkdqjh wkhlu glhw/ fxw edfn rq rwkhu krxvhkrog h{shqglwxuhv/ vxfk dv shwuro ru guxjv/
froohfw zrrg ru surgxfh fkdufrdo iru vdoh/ vhoo pdqxuh ru plon/ hqjdjh lq shww| wudgh ru
￿
Wkh pdlq irrg fursv surgxfhg duh ehdqv/ vrujkxp/ fruq/ pdqlrf/ Lulvk srwdwrhv/ vzhhw srwdwrhv/ vr|ehdqv
dqg edqdqdv1 Sulpdu| h{sruwv duh frhh dqg whd1 Shuhqqldo fursv vxfk dv edqdqdv/ vzhhw srwdwrhv/ fdvvdyd
dqg yhjhwdeohv duh kduyhvwhg dffruglqj wr furs pdwxulw| dqg krxvhkrog frqvxpswlrq qhhgv/ surylglqj d ghjuhh
ri irrg vxsso| vwdelolw| wkurxjkrxw wkh |hdu1 Rwkhu irrg fursv duh fxowlydwhg lq wzr pdlq vhdvrqv dqg d vpdoohu
wklug vhdvrq= Lq vhdvrq D 0 jhqhudoo| sodqwhg lq Vhswhpehu2Rfwrehu dqg kduyhvwhg lq Mdqxdu|2Iheuxdu| 0
wkh pdlq fursv duh ehdqv dqg pdl}h1 Wkh sulqflsdo furs lq vhdvrq E lv vrujkxp/ exw ehdqv duh dovr jurzq>
sodqwlqj wdnhv sodfh lq Iheuxdu|2Pdufk dqg kduyhvwlqj lq Mxqh2Mxo|1 Lq pduvkodqg duhdv/ wkhuh lv d vpdoo
wklug vhdvrq +F, lq Mxo|2Dxjxvw/ zlwk vzhhw srwdwrhv dqg yhjhwdeohv dv pdlq fursv1 Vhdvrq F khosv wr
doohyldwh wkh vhyhulw| ri wkh kxqjhu shulrg ri Rfwrehu0Qryhpehu dqg qrupdoo| frqwulexwhv derxw 48 shufhqw
ri dqqxdo irrg surgxfwlrq1
:zrun r0idup1 Lq fdvh ri xqxvxdo vwuhvv krxvhkrogv pd| pryh wr rwkhu uhjlrqv lq vhdufk ri
zrun ru vwd| zlwk ehwwhu0wr0gr uhodwlyhv1 Wkh Idplqh Hduo| Zduqlqj V|vwhp +IHZV QHW,
dovr uhsruwv wkdw lq wlphv ri xqxvxdo vwuhvv krxvhkrogv lq uxudo Uzdqgd vwduw oltxlgdwlqj
surgxfwlyh dvvhwv e| hdwlqj vhhg judlqv ru vhoolqj euhhglqj dqlpdov1 Dffruglqj wr wkh IHZV
QHW prqwko| uhsruwv/ wkh dqlpdov vrog duh prvwo| vpdoo uxplqdqwv/ h{fhsw lq Xpxwdud/ d
surylqfh lq wkh Hdvwhuq orzodqg/ zkhuh krxvhkrogv kdyh uhodwlyho| odujh fdwwoh vwrfnv +IHZV
QHW/ 4<<:05338,1
517 Irrg lqvhfxulw| gxulqj wkh jhqrflgh
Flylo zdu eurnh rxw lq Uzdqgd dw wkh hqg ri 4<<3/ zkhq wkh USI +Uzdqgdq Sdwulrwlf Iurqw,
vwduwhg odxqfklqj dwwdfnv iurp Xjdqgd1 Lqwhuplwwhqw krvwlolwlhv dqg qhjrwldwlrqv ehwzhhq wkh
jryhuqphqw dqg wkh USI uhvxowhg lq d srzhu vkdulqj djuhhphqw/ exw rq Dsulo 9/ 4<<7 wkh
sodqh fduu|lqj Suhvlghqw Kde|dulpdqd zdv vkrw grzq1 Wkhuhdiwhu/ Uzdqgd vxqn lqwr fkdrv1
Zlwklq krxuv/ wkh plolwdu|/ dgplqlvwudwruv/ wkh Lqwhudkdpzh plolwld
￿
￿
￿
/ dqg ruglqdu| shrsoh
vwduwhg wr nloo Wxwvl dqg prghudwh Kxwx1 Vlpxowdqhrxvo| wkh zdu ehwzhhq wkh Uzdqgdq
dup| dqg wkh USI zdv uhvwduwhg1 Odwh lq Mxqh 4<<7 wkh pdvvlyh nloolqjv dqg wkh zdu fdph
wr dq hqg1 Wkh edodqfh ri wkh hyhqwv zdv vkrfnlqj= dq hvwlpdwhg ;33/333 Wxwvl nloohg/ wzr
ploolrq shrsoh glvsodfhg dqg pruh wkdq 433/333 sulvrqhuv vxvshfwhg ri sduwlflsdwlrq lq wkh
jhqrflgh +Ghv Irujhv/ 4<<</ Suxqlhu/ 4<<;,
￿
￿
￿
1 Lq dgglwlrq/ whqv ri wkrxvdqgv ri shrsoh glhg
iurp ghsulydwlrq lq wkh uhixjhh fdpsv1
Ylrohqw frq lfwv glhu e| lqwhqvlw|/ vsuhdg dqg gxudwlrq1 Wkh orqjhu wkh shulrg ri ylr0
ohqfh/ wkh pruh olnho| lw ehfrphv wkdw krxvhkrogv oltxlgdwh wkhlu surgxfwlyh dvvhwv/ ru dedqgrq
wkhp wr wdnh uhixjh1 Krzhyhu/ d vkruw zdu fdq dovr vwurqjo| dhfw krxvhkrog zhoiduh/ hvsh0
fldoo| li wkh ylrohqfh lv lqwhqvh/ zlghvsuhdg dqg li krxvhkrogv zhuh douhdg| yxoqhudeoh dw wkh
rxwvhw ri wkh frq lfw +Juxqhzdog/ 4<<;> Vwhzduw dqg Ilw}jhudog/ 5334,1 Wkhvh odwwhu wkuhh
hohphqwv zhuh suhvhqw lq Uzdqgd gxulqj wkh jhqrflgh1 Dowkrxjk wkh Uzdqgdq jhqrflgh zdv
frqfhqwudwhg lq d uhodwlyho| vkruw wlph shulrg/ doo uhjlrqv zhuh dhfwhg/ dqg d odujh iudfwlrq
ri wkh srsxodwlrq ohiw wkhlu hogv xqdwwhqghg/ ihdulqj iru wkhlu olyhv ru sduwlflsdwlqj lq wkh
nloolqjv1 Ixuwkhupruh/ dw wkh rxweuhdn ri wkh jhqrflgh/ wkh Uzdqgdq srsxodwlrq zdv douhdg|
zhdn1 Qrw rqo| zdv Uzdqgd jkwlqj dq xskloo edwwoh djdlqvw odqg vfduflw| dqg odqg ghjud0
gdwlrq/ exw wkh flylo zdu dw wkh erughu zlwk Xjdqgd kdg glvuxswhg olih lq wkh Qruwk ri wkh
frxqwu| vlqfh 4<<31 Lq dgglwlrq/ wkh prqwk lq zklfk wkh ylrohqfh eurnh rxw ihoo lq ehwzhhq
sodqwlqj +Iheuxdu|2Pdufk, dqg kduyhvwlqj +Mxqh2Mxo|,1 Gxulqj wkh jhqrflgh/ krxvhkrogv
wkxv qhhghg wr uho| rq wkh vwrfnv ri wkh suhylrxv kduyhvw +Mdqxdu|2Iheuxdu|,1
Irrg dlg zdv yhu| olplwhg gxulqj wkh prqwkv ri Dsulo wr Mxqh 4<<71 Lqvhfxulw| zdv
vr vhyhuh wkdw rqo| d kdqgixo ri uholhi djhqflhv gholyhuhg dvvlvwdqfh gxulqj wkhvh prqwkv1
￿
￿
￿
Lqwhudkdpzh olwhudoo| phdqv %wkrvh zkr vwdqg wrjhwkhu% ru %wkrvh zkr dwwdfn wrjhwkhu%1 Wklv plolwld zdv
iruphg e| Suhvlghqw Kde|dulpdqd*v srolwlfdo sduw| lq 4<<5/ zkhq wkh sduw| vwduwhg jlylqj plolwdu| wudlqlqj
wr lwv |rxwk1
￿
￿
￿
Wkh ghdwk wroo dprqj Wxwvl uhpdlqv d ghedwhg lvvxh1 Iru d glvfxvvlrq/ vhh Yhusrruwhq +5338,1
;Wkh| rshudwhg iurp Exmxpexud +Exuxqgl, ru Exndyx +wkh Frqjr, dqg xqghuwrrn h{wuhpho|
kd}dugrxv plvvlrqv wr surylgh irrg dqg phglfdo fduh wr glvsodfhg shuvrqv zlwklq Uzdqgd1
Lq jhqhudo/ shuvrqv lq qhhg zhuh gl!fxow wr uhdfk dqg wkh dprxqw ri irrg dlg glvwulexwhg zdv
yhu| olplwhg +Eruwrq hw do1/ 4<<9,1 Hyhq zkhq uhodwlyh shdfh zdv hvwdeolvkhg odwh lq Mxqh/
irrg lqvhfxulw| uhpdlqhg kljk dqg pdq| shrsoh zhuh vwloo ghshqghqw rq irrg dlg/ dprqj
wkhp wkh wzr ploolrq shrsoh zkr zhuh lqwhuqdoo| glvsodfhg ru vrxjkw uhixjh lq qhljkerulqj
frxqwulhv1
6 Wkhruhwlfdo iudphzrun= wkh exhu0vwrfn prgho lq d vhwwlqj
ri ylrohqw frq lfw
Wkh dlp ri wkh wkhruhwlfdo iudphzrun lv wr ghulyh suhglfwlrqv iru wkh xvh ri olyhvwrfn dv d
exhu vwrfn e| Uzdqgdq krxvhkrogv1 D jrrg vwduwlqj srlqw lv wkh exhu0vwrfn prgho ri suh0
fdxwlrqdu| vdylqjv slrqhhuhg e| Ghdwrq +4<<4,
￿
￿
1 D fuxfldo dvvxpswlrq ri wkh exhu0vwrfn
prgho lv wkdw krxvhkrogv kdyh ghfuhdvlqj devroxwh ulvn dyhuvlrq1 Wklv surylghv krxvhkrogv
zlwk d prwlyh iru suhfdxwlrqdu| vdylqjv1 Dv d uhvxow/ krxvhkrogv vdyh pruh zkhq ixwxuh
lqfrph ehfrphv lqfuhdvlqjo| xqfhuwdlq +Nlpedoo/ 4<;;> ]hoghv/ 4<;<,1 Ghdwrq +4<<4, lqwur0
gxfhv wkuhh dgglwlrqdo dvvxpswlrqv= krxvhkrogv fdqqrw eruurz/ duh lpsdwlhqw wr frqvxph
dqg kdyh dq lqqlwh wlph krul}rq
￿
￿
1 Xqghu wkhvh dvvxpswlrqv/ lw fdq eh vkrzq wkdw hfrqrplf
djhqwv/ zkr pd{lpl}h wkhlu h{shfwhg lqwhuwhpsrudo xwlolw|/ exlog xs dvvhwv zkhq lqfrph lv
%jrrg% dqg gudz lw grzq zkhq lqfrph lv %edg%1 Wr uh hfw wkh zdu frqglwlrqv/ zh h{whqg
wkh edvlf exhu0vwrfn prgho e| dgglqj ulvn| sulfhv/ ulvn| fdwwoh uhwxuqv dqg wkh ulvn ri fdwwoh
udlglqj
￿
￿
1 Zh glvwlqjxlvk ehwzhhq fdwwoh udlglqj rq wkh urdg dqg dw krph/ dw w dqg dw w .4
ehfdxvh ri wkhlu glhuhqw lpsolfdwlrqv iru krxvhkrog fdwwoh vdoh ehkdylru1
Wkh prgho fdq eh dssolhg wr erwk vpdoo olyhvwrfn dqg fdwwoh1 Krzhyhu/ vlqfh wkh hpslulfdo
dssolfdwlrq irfxvhv rq fdwwoh/ lq wkh uhpdlqghu ri wkh suhvhqwdwlrq zh wdnh fdwwoh dv wkh vlqjoh
dvvhw D
￿ lq wkh prgho
￿
￿
￿
1 Wklv dvvhw D
￿ hduqv dq lqwhuhvw udwh u
￿
￿
￿
￿
￿ zkhq khog ryhu iurp shulrg
w lqwr shulrg w . 4
￿
￿
1 Krxvhkrogv idfh ulvn| oderu lqfrph |
￿ lq hdfk shulrg w1 Lqfrph lv
￿
￿
Frqvxpswlrq0vprrwklqj wkurxjk vdylqj dqg glvvdylqj lv frqvlvwhqw zlwk frpprq prghov ri lqwhuwhpsrudo
frqvxpswlrq fkrlfh/ vxfk dv wkh shupdqhqw lqfrph prgho +Iulhgpdq/ 4<8:,1 Wkh gdwd dw kdqg gr qrw doorz
whvwlqj d sduwlfxodu prgho ri frqvxpswlrq vprrwklqj1 Exw/ edvhg rq suhylrxv vwxglhv/ lw lv fohdu wkdw vrph
prghov duh pruh dssursuldwh wkdq rwkhuv iru h{sodlqlqj krxvhkrog frqvxpswlrq dqg vdylqjv lq uxudo duhdv ri
Vxe Vdkdudq Diulfd +h1j1 hpslulfdo hylghqfh surylghg e| Nd}ldqjd dqg Xgu|/ 5339,1 Vhyhudo ihdwxuhv ri wkh
Uzdqgdq frqwh{w duh uhohydqw iru wkh vhw0xs ri wkh wkhruhwlfdo iudphzrun1 Iluvw/ krxvhkrogv lq uxudo Uzdqgd
olyh rq wkh hgjh ri irrg lqvhfxulw| dqg idfh pxowlsoh ulvnv1 Lq dgglwlrq/ fuhglw dqg lqvxudqfh pdunhwv duh srruo|
ghyhorshg +Gdedodq hw do1/ 5337,1 Dv d uhvxow/ dgyhuvh lqfrph vkrfnv srvh d uhdo wkuhdw wr frqvxpswlrq ohyhov/
surylglqj krxvhkrogv zlwk d prwlyh iru vhoi0lqvxudqfh wkurxjk exhu vwrfnv1
￿
￿
Dvvxplqj d qlwh wlph krul}rq/ exw qr ehtxhvw prwlyh/ zrxog |lhog d vlplodu vroxwlrq +Ghdwrq/ 4<<4,1
￿
￿
Wklv h{whqvlrq lv vlplodu wr wkh rqh ri Vwhidq Ghufrq +5337, zkr h{whqgv wkh edvlf Ghdwrq prgho wr
lqfrusrudwh ulvn| sulfhv dqg ulvn| dvvhw uhwxuqv1
￿
￿
Wkh prgho zrxog eh pruh frpsohwh li lw zrxog doorz iru krxvhkrog sruwirolr ghflvlrqv1 Krzhyhu/ lqfrusr0
udwlqj wklv zrxog frpsolfdwh wkh prgho vxevwdqwldoo| +h1j1 Idifkdpsv hw do1/ 4<<;,1 Lq wkh hpslulfdo dqdo|vlv
zh fdq uxoh rxw wkh srvvlelolw| ri fdwwoh vdohv dv sduw ri dq dvvhw sruwirolr vkliw e| orrnlqj h{foxvlyho| dw fdwwoh
vdohv iru wkh sxusrvh ri irrg sxufkdvhv1
￿
￿
Wkh glvwulexwlrq ri wklv uhwxuq lv d frpsoh{ ixqfwlrq ri wkh h{shfwhg plon surgxfwlrq dqg r0vsulqj ri wkh
<ulvn| lq wkh vhqvh wkdw udqgrp vkrfnv pd| rffxu1 Lw lv dvvxphg wkdw wkhuh lv qr vljqlfdqw
whfkqrorjlfdo surjuhvv ryhu wlph dqg wkdw oderu lv lqhodvwlfdoo| vxssolhg vxfk wkdw |
￿ lv d
vwdwlrqdu| udqgrp yduldeoh
￿
￿
1
Wkh krxvhkrog*v lqwhuwhpsrudo rswlpl}dwlrq sureohp lv wr ghflgh lq hdfk shulrg w krz wr
doorfdwh wrwdo oltxlg zhdowk/ |
￿ .D
￿ / ehwzhhq frqvxpswlrq dqg vdylqjv1 Lw fdq eh zulwwhq dv
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zkhuh / +3 ?  ? 4,> lv wkh udwh ri wlph suhihuhqfh1 Lpsdwlhqfh lpsolhv wkdw  A u/ vxfk wkdw
krxvhkrogv zloo qrw dffxpxodwh dvvhwv lq wkh orqj uxq1 Wkh ixqfwlrq y+f
￿ , lv wkh lqvwdqwdqhrxv
xwlolw| dvvrfldwhg zlwk frqvxpswlrq f
￿ 1 Wkh dvvxpswlrq ri ghfuhdvlqj devroxwh ulvn dyhuvlrq
lpsolhv wkdw y+f
￿ , lv lqfuhdvlqj/ vwulfwo| frqfdyh dqg wkdw pdujlqdo xwlolw| lv frqyh{ +y3 A 3/
y
*
*
? 3 dqg y
*
*
*
A 3,1
Htxdwlrqv +5, dqg +6, jlyh uhvshfwlyho| wkh exgjhw dqg wkh eruurzlqj frqvwudlqwv/ zkhuh
erwk |
￿ dqg D
￿ duh h{suhvvhg lq frqvxpswlrq xqlwv1 Wkh eruurzlqj frqvwudlqw lpsolhv wkdw
d krxvhkrog fdqqrw glvvdyh eh|rqg wkh ydoxh ri lwv fxuuhqw dvvhwv1 Wkh exgjhw frqvwudlqw
uhsuhvhqwv wkh wudgh0r ehwzhhq wkh lpsdwlhqfh wr frqvxph/ ulvn| fdwwoh sulfhv/ ulvn| fdwwoh
uhwxuq dqg wkh ulvn ri fdwwoh udlglqj1 Lq wklv htxdwlrq/ s
￿ dqg s
￿
(
￿
￿
￿ uhsuhvhqw wkh sulfhv ri
fdwwoh phdvxuhg lq frqvxpswlrq xqlwv lq shulrg w dqg w . 4 uhvshfwlyho|> 
’
￿ dqg 
’
￿
(
￿
+
￿ wkh
ulvn ri fdwwoh udlglqj rq wkh urdg +rq wkh zd| wr d srvvleoh ex|hu, lq shulrg w dqg w . 4
uhvshfwlyho|> dqg 
)
￿
(
￿
+
￿ wkh ulvn ri fdwwoh udlglqj dw krph ehwzhhq shulrg w dqg w . 4
￿
￿
1 Wkh
ydoxhv ri 
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rq wkh uljkw kdqg vlgh ri htxdwlrq +5, vhuyhv wr frqyhuw wkh dvvhw vwrfn dw wlph w . 4 lqwr
khug/ dqg wkh h{shfwhg frqwulexwlrq ri pdqxuh wr wkh djulfxowxudo surgxfwlrq ehwzhhq w dqg w n 1 Lq wxuq/
wkhvh idfwruv ghshqg rq wkh khdowk frqglwlrq ri fdwwoh dw w/ wkh ulvn rq fdwwoh glvhdvhv/ wkh h{shfwhg dydlodelolw|
ri oderu/ +sdvwxuh, odqg/ irgghu/ zdwhu dqg yhwhulqdu| vhuylfhv ehwzhhq w dqg wn1 Gxh wr sdvwxuh odqg vfduflw|
lq Uzdqgd lw zrxog eh sodxvleoh wr dvvxph wkdw u
 
-
,
/
. ghfolqhv zlwk khug vl}h1 Wklv fdq eh lqwurgxfhg h{solflwo|
lq wkh wkhruhwlfdo iudphzrun/ e| lqfoxglqj wkh frvw ri olyhvwrfn pdlqwhqdqfh dv d ixqfwlrq ri khug vl}h +h1j1
Idifkdpsv hw do1/ 4<<;> PfLqwluh hw do1/ 4<<5,1 Krzhyhu/ wr nhhs wkh prgho vlpsoh/ zh gr qrw h{solflwo| lqfoxgh
wkh frvw ri olyhvwrfn fdulqj1
￿
￿
Zh qrwh wkdw wkh dvvxpswlrq ri |
  dv d vwdwlrqdu| udqgrp yduldeoh pd| eh xquhdolvwlf zkhq lqfrph
vkrfnv vwhp iurp ylrohqw frq lfw1 Krxvhkrogv pd| h{shfw srolwlfdo xquhvw wr gudj rq iru d zkloh/ uhvxowlqj
lq srvlwlyh fruuhodwlrq ehwzhhq |
  dqg |
 
-
,
0
. 1 Krxvhkrogv pd| wkhq eh uhoxfwdqw wr glvvdyh pxfk lq shulrg w/
dw wkh rxweuhdn ri wkh frq lfw/ ehfdxvh wkh| vxvshfw xquhvw wr frqwlqxh lq shulrg w n 1 Wkhuhiruh/ doorzlqj
iru vhuldoo| ghshqghqw vkrfnv lq wkh prgho zrxog pdnh krxvhkrogv pruh lqfolqhg wr krog rq wr wkhlu fdwwoh
gxulqj flylo xquhvw1 Iru dq h{whqvlyh glvfxvvlrq ri wkh exhu0vwrfn prgho zlwk vhuldoo| ghshqghqw vkrfnv/ zh
uhihu wr Ghdwrq +4<<4,1
￿
￿
Dowhuqdwlyho|/ wkh ulvn ri fdwwoh udlglqj rq wkh urdg pd| eh fdswxuhg e| wkh pdunhw sulfhv/ zkloh wkh ulvn
ri fdwwoh udlglqj dw krph pd| eh fdswxuhg e| wkh ulvn| uhwxuq1 Krzhyhu/ ehfdxvh wkh lqwhuhvw ri wklv sdshu
olhv lq wkh hhfw ri srolwlfdo xquhvw/ zh fkrvh wr prgho fdwwoh udlglqj h{solflwo|1
43frqvxpswlrq xqlwv ydoxhg dw sulfhv ri shulrg w . 41
Rswlpl}dwlrq ri +4,0+6, |lhogv wzr srvvleoh rxwfrphv1 Rq wkh rqh kdqg/ zkhq wkh eru0
urzlqj frqvwudlqw grhv qrw elqg/ wkh iroorzlqj htxdolw| krogv=
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Lq zrugv/ wkh krxvhkrog fkrrvhv shulrg w frqvxpswlrq vxfk wkdw lwv pdujlqdo xwlolw| ri frq0
vxpswlrq lq shulrg w htxdov wkh glvfrxqwhg h{shfwhg pdujlqdo xwlolw| ri ixwxuh frqvxpswlrq1
Rq wkh rwkhu kdqg/ zkhq wkh eruurzlqj frqvwudlqw elqgv/ wkh krxvhkrog frqvxphv doo lwv
oderu lqfrph dqg ghsohwhv lwv hqwluh fdwwoh khug lq shulrg w/ vxfk wkdw=
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Dffruglqj wr htxdwlrq +7,/ krxvhkrogv kdyh dq lqfhqwlyh wr vdyh pruh dqg frqvxph ohvv li
wkh sulfh ri dvvhwv lq shulrg w lv orz frpsduhg wr wkh h{shfwhg sulfh lq shulrg w.41 Irupdoo|/ li
s
￿ ghfuhdvhv/ wkh uljkw0kdqg vlgh ri htxdwlrq +7, lqfuhdvhv dqg/ hyhu|wklqj hovh khog frqvwdqw/
wkh htxdolw| lv pdlqwdlqhg e| ghfuhdvlqj fxuuhqw frqvxpswlrq/ f
￿ / l1h1 lqfuhdvlqj vdylqjv lq
shulrg w1 D vlplodu hhfw lv rewdlqhg zkhq dvvxplqj d pdujlqdo lqfuhdvh lq wkh suredelolw| ri
fdwwoh udlglqj lq shulrg w/ 
’
￿ 1 Wkh rswlpdolw| frqglwlrq +7, dovr lpsolhv wkdw/ fhwhulv sdulexv/
wkh orzhu wkh h{shfwdwlrqv derxw u
￿
￿
￿
￿
￿ / wkh orzhu wkh surshqvlw| wr fduu| ryhu dvvhwv D
￿ iurp
shulrg w wr w.4/ dqg wkh kljkhu frqvxpswlrq lq shulrg w
￿
￿
1 D vlplodu hhfw lv rewdlqhg zkhq
wkh h{shfwhg ulvn ri fdwwoh udlglqj dw krph/ 
)
￿
(
￿
+
￿ / lqfuhdvhv1 Qrwh wkdw d shuvrq*v ulvn ri
ehlqj nloohg lv qrw h{solflwo| prghohg1 D shuvrq pd| sxw klv2khu olih lq gdqjhu e| ohdylqj klv
ru khu krph wr vhoo lwv fdwwoh1 Dowhuqdwlyho|/ nhhslqj fdwwoh dw krph pd| dwwudfw plolwld hdjhu
wr vwhdo dqg suhsduhg wr nloo1 Dowkrxjk qrw h{solflwo| prghohg/ wkhvh ulvnv fdq eh fdswxuhg
e| doorzlqj wkh ulvn ri fdwwoh udlglqj dw wkh urdg ru dw krph wr jr wr wkh xsshu olplw ri wkh
lqwhuydo ^3>4`1
Fkdqjhv lq +h{shfwdwlrqv ri, wkh fdwwoh sulfh/ fdwwoh udlglqj rq wkh urdg dqg dw krph/ dqg
wkh udwh ri uhwxuq duh olnho| wr kdyh rffxuuhg vlpxowdqhrxvo| gxulqj wkh Uzdqgdq jhqrflgh1
Wr vwduw zlwk/ dv wkh ylrohqfh zdv zlghvsuhdg/ wkh uhdol}dwlrq ri wkh whupv ri wudgh ulvn zdv
kljko| sodxvleoh
￿
￿
1 Vhfrqg/ wkh ulvn ri fdwwoh udlglqj zdv yhu| kljk1 Fdwwoh udlglqj rq wkh
urdg lq shulrg w pd| kdyh pdgh krxvhkrogv uhoxfwdqw wr vhoo fdwwoh/ zkloh wkh h{shfwhg ulvn
ri fdwwoh udlglqj lq w.4 pd| kdyh frqylqfhg krxvhkrogv wr txlfno| ghsohwh wkhlu fdwwoh vwrfn1
Wklug/ gxh wr wkh odfn ri dghtxdwh ihhglqj dqg zdwhulqj gxulqj wkh ylrohqw frq lfw/ lw lv olnho|
￿
￿
Lq frqwudvw wr iduphuv/ sdvwrudolvwv pd| eh lqfolqhg wr krog rq wr wkhlu olyhvwrfn/ hyhq li olyhvwrfn orvvhv
duh h{shfwhg wr eh kljk1 Iluvw/ vhoolqj olyhvwrfn pd| mhrsdugl}h ixwxuh khug surgxfwlylw| dqg wkhuhiruh wkh
sdvwrudolvwv* lqfrph1 Vhfrqg/ wkh srvw0fulvlv uhwxuq rq fdwwoh pd| eh kljk gxh wr pruh dydlodeoh sdvwxuh odqg
shu dqlpdo +hvshfldoo| li wkh olyhvwrfn v|vwhp lv edvhg rq frpprq jud}lqj odqg,1 Lq dgglwlrq/ fdwwoh sulfhv
pd| lqfuhdvh pdunhgo| lq wkh srvw0zdu |hduv ehfdxvh ri wkh kljk ghpdqg iru uh0vwrfnlqj fdwwoh +Fxwohu/ 4<;9>
Idifkdpsv/ 4<<;> PfShdn> 5337,1
￿
￿
D vkdus ghfuhdvh ri |
  lv olnho| wr uhvxow lq d gurs ri s
  1 Dprqj rwkhuv Wrxoplq +4<<8,/ Idifkdpsv dqg
Jdyldq +4<<:,/ Nlqvh| hw do1 +4<<;,/ Vdqgirug dqg Kdewx/ +5333,/ dqg Eduuhw hw do1 +5336, grfxphqw d
froodsvh ri whupv ri wudgh ehwzhhq olyhvwrfn dqg irrg gxulqj idplqhv1
44wkdw wkh h{shfwhg uhwxuq iru kroglqj fdwwoh zdv orz/ doo wkh pruh vr ehfdxvh krxvhkrogv pd|
kdyh dqwlflsdwhg wkh qhhg wr dedqgrq wkhlu fdwwoh wr wdnh uhixjh deurdg1 Vlqfh wkhvh hhfwv
rffxuuhg vlpxowdqhrxvo|/ wkh lpsdfw ri wkh ylrohqw frq lfw lq Uzdqgd rq fdwwoh vdoh ehkdylru
lv dpeljxrxv1 Lq vhfwlrq 8/ zh glvhqwdqjoh wkh zdu0uhodwhg vkrfnv lqwr vhyhudo frpsrqhqwv lq
rughu wr vwxg| wkh hhfw ri wkh glhuhqw sdudphwhuv ri wkh h{whqghg exhu vwrfn prgho rq
fdwwoh vdoh ehkdylru1 Ehiruh grlqj vr/ zh suhvhqw dqg glvfxvv vxppdu| vwdwlvwlfv ri rxu gdwd1
7 Vxppdu| vwdwlvwlfv rq dgyhuvh lqfrph vkrfnv dqg olyhvwrfn
wudqvdfwlrqv lq Jlwdudpd dqg Jlnrqjrur/ 4<<4053341
714 Gdwd xvhg
Zh xvh lqirupdwlrq rq d vdpsoh ri 58; idup krxvhkrogv/ foxvwhuhg lq 49 frppxqhv/ whq ri
zklfk duh orfdwhg lq Jlwdudpd surylqfh dqg vl{ lq Jlnrqjrur surylqfh +Fhqwudo dqg Vrxwk0
zhvw Uzdqgd,1 Wkh gdwdvhw zdv froohfwhg lq 5335 dqg lqfoxghv uhfdoo lqirupdwlrq rq vkrfnv/
dvvhwv/ dqg krxvhkrog frpsrvlwlrq iru doo 44 |hduv zlwklq wkh wlph vsdq 4<<4053341 Erwk lq
Jlwdudpd dqg Jlnrqjrur/ xquhvw zdv yhu| kljk lq 4<<71 Wkhvh surylqfhv kdg d uhodwlyho| kljk
sursruwlrq ri Wxwvl dprqj wkhlu srsxodwlrq/ uhvshfwlyho| <15 dqg 4518 shufhqw frpsduhg wr d
qdwlrqdo dyhudjh ri ;16 shufhqw
￿
￿
1 Lw lv hvwlpdwhg wkdw rqo| 58 shufhqw ri Wxwvl lq Jlnrqjrur
vxuylyhg wkh jhqrflgh/ zkloh wkh vxuylydo udwh lq Jlwdudpd lv hvwlpdwhg wr kdyh ehhq pxfk
kljkhu +Ghv Irujhv/ 4<<<> Yhuzlps/ 5336> Yhusrruwhq/ 5338,1
Wkh vdpsoh ri 58; krxvhkrogv lv qrw d udqgrp vdpsoh1 Wkh klvwru| ri wkh gdwdvhw gdwhv
edfn wr 4<<3 zkhq 589 krxvhkrogv zhuh lqwhuylhzhg1 E| 5335/ 77 ri wkh ruljlqdo krxvhkrogv
kdg gursshg rxw1 Dwwulwlrq zdv hvshfldoo| kljk dprqj Wxwvl0khdghg krxvhkrogv +7818(
yhuvxv 5414( iru rwkhu krxvhkrogv,1 Frqvhtxhqwo|/ Wxwvl dffrxqwhg iru d yhu| vpdoo vkduh ri
wkh 5335 vdpsoh1 Wkhuhiruh/ lq 5335/ lw zdv ghflghg wr ryhu0vdpsoh Wxwvl0khdghg krxvhkrogv/
oliwlqj wkhlu vkduh iurp ohvv wkdq 43 shufhqw wr 5518 shufhqw +8<258;,1 Frqfuhwho|/ dv wkh
lqwhuylhzhuv* zdjhv lq 5335 zhuh qhjrwldwhg edvhg rq wkh ruljlqdo krxvhkrog vdpsoh vl}h ri
589/ wkh| zhuh dvnhg wr frpsohwh wkhlu qxpehu ri lqwhuylhzv e| dgglqj krxvhkrogv iurp
Wxwvl0vxuylyruv +prvwo| zlgrzv,1 Rqh hqwkxvldvwlf lqwhuylhzhu dgghg irxu lqvwhdg ri wzr
Wxwvl0khdghg krxvhkrogv/ eulqjlqj wkh wrwdo qxpehu ri krxvhkrogv lqwhuylhzhg lq 5335 dw
58;1 Lq wzr fdvhv/ dgglwlrqdo Kxwx0khdghg krxvhkrogv zhuh lqwhuylhzhg ehfdxvh qr Wxwvl0
khdghg krxvhkrogv frxog eh irxqg lq wkh vhfwru1
Yhuzlps +5336,/ Mxvwlqr dqg Yhuzlps +5339, dqg Yhusrruwhq dqg Ehuodjh +533:, grf0
xphqw wkh gdwdvhw lq ghwdlo dqg surylgh lqirupdwlrq rq vdpsoh vhohfwlrq1 Lw lv irxqg wkdw
krxvhkrogv zkr gursshg rxw zhuh pruh olnho| wr kdyh vxhuhg iurp vhyhuh vkrfnv ri wkh zdu
￿
￿
Wkhvh shufhqwdjhv vwhp iurp wkh 4<<4 srsxodwlrq fhqvxv1 Krzhyhu/ wkh Kde|dulpdqd uhjlph lv vdlg
wr kdyh gholehudwho| xqghuuhsruwhg wkh qxpehu ri Wxwvl wr nhhs wkhlu vfkrro dqg sxeolf hpsor|phqw txrwdv
orz1 Xvlqj gdwd iurp wkh orfdo dgplqlvwudwlrq ri Jlnrqjrur/Yhusrruwhq +5338, surylghv hylghqfh wkdw wkh
sursruwlrq ri Wxwvl lq Jlnrqjrur zdv forvh wr 4; shufhqw/ pxfk kljkhu wkdq wkh 4518 shufhqw uhsruwhg lq wkh
fhqvxv1
45dqg wkh jhqrflgh1 Iru h{dpsoh/ edvhg rq lqwhuylhzv zlwk qhljkeruv/ Yhuzlps +5336, qgv
wkdw pdq| ri wkh Wxwvl0khdghg krxvhkrogv zkr gursshg rxw zhuh frpsohwho| h{whuplqdwhg
ru orvw vhyhudo krxvhkrog phpehuv1 Wkhvh odwwhu krxvhkrogv zhuh riwhq ohiw zlwk rqh vxuylyru/
d zlgrz/ zkr pryhg edfn wr khu qdwlyh vhfwru
￿
1
￿
1 Ehvlghv wkh vkrfnv ri zdu dqg jhqrflgh/
wkh qrq0udqgrpqhvv lv dovr uhodwhg wr krxvhkrog vl}h dqg wkh djh ri wkh krxvhkrog khdg1
Vpdoo krxvhkrogv dqg |rxqj krxvhkrogv zhuh pruh olnho| wr gurs rxw1 Krzhyhu/ wkhuh lv qr
hylghqfh wkdw wkh vhohfwlrq lqwr wkh vdpsoh lv uhodwhg wr krxvhkrog fdwwoh rzqhuvkls lq 4<<3
+Mxvwlqr dqg Yhuzlps/ 5339> Yhusrruwhq dqg Ehuodjh/ 533:,1
Lqfoxglqj wkh %uhiuhvkphqw vdpsoh% ri Wxwvl0khdghg krxvhkrogv sduwo| frpshqvdwhv iru
wkh orvv ri revhuydwlrqv rq zdu0uhodwhg vkrfnv/ vxfk dv wkh ylrohqw ghdwk ri krxvhkrog php0
ehuv dqg wkh ghvwuxfwlrq ri wkh krxvhkrog*v gzhoolqj1 Qhyhuwkhohvv/ uhshdwlqj wkh uhjuhvvlrq
dqdo|vlv zlwkrxw wkh ryhuvdpsohg Wxwvl0khdghg krxvhkrogv |lhogv wkh vdph txdolwdwlyh uh0
vxowv1 Lq vhfwlrq 816 zh frph edfn wr wkh qrq0udqgrpqhvv ri wkh vdpsoh dqg glvfxvv srvvleoh
lpsolfdwlrqv iru rxu hpslulfdo uhvxowv1
715 W|srorj| ri vkrfnv
Krxvhkrogv zhuh dvnhg wr lqglfdwh dgyhuvh lqfrph vkrfnv rq d wlpholqh1 Dprqj wkh uhsruwhg
lqfrph vkrfnv/ zh glvwlqjxlvk wzr w|shv= zdu0uhodwhg vkrfnv dqg rwkhu vkrfnv
￿
￿
￿
1 Wkh uhvxowv
duh vxppdul}hg lq Wdeoh 41 Wkh uvw wzr froxpqv ri wklv wdeoh jlyh wkh sursruwlrq ri
krxvhkrogv wkdw zhuh dhfwhg e| d sduwlfxodu vkrfn gxulqj wkh shulrg 4<<4053341 Derxw
iruw| shufhqw ri wkh krxvhkrogv uhsruwhg furs gdpdjh gxh wr srolwlfdo lqvhfxulw|1 Pdq|
krxvhkrogv vdpsohg zhuh vhyhuho| klw e| wkh gluhfw vkrfnv ri zdu dqg jhqrflgh= 64 shufhqw
ri wkh krxvhkrogv orvw d krxvhkrog phpehu gxh wr ylrohqfh/ 48 shufhqw ri wkh krxvhkrogv
wrrn uhixjh/ zkloh 43 shufhqw ri wkh krxvhkrogv zhuh frqiurqwhg zlwk wkh lpsulvrqphqw ri
d krxvhkrog phpehu1 Wkhuh duh fohdu glhuhqfhv ehwzhhq Wxwvl0khdghg dqg Kxwx0khdghg
krxvhkrogv1 Iru h{dpsoh/ dv pdq| dv ;8 shufhqw ri Wxwvl0khdghg krxvhkrogv orvw dw ohdvw rqh
phpehu gxh wr ylrohqfh1 Wkh uhvxowv ri rwkhu vkrfnv lqglfdwh wkdw/ lq wklv shulrg/ doprvw doo
krxvhkrogv +<8(, vxhuhg iurp udlqidoo luuhjxodulwlhv lq rqh ru pruh |hduv1
Krxvhkrogv pd| uhvsrqg glhuhqwo| wr dgyhuvh lqfrph vkrfnv/ ghshqglqj rq zkhwkhu wkh
vkrfnv duh lglrv|qfudwlf ru fryduldqw/ dqg rq zkhwkhu ru qrw wkh| duh vhuldoo| fruuhodwhg ryhu
wlph1 Wkhuhiruh/ froxpq wkuhh surylghv d phdvxuh iru wkh ghjuhh ri fryduldqfh ri wkh glhuhqw
vkrfnv1 Lw jlyhv wkh w +U
2
, ri d uhjuhvvlrq ri hdfk w|sh ri vkrfn rq wkh frpsohwh vhw ri wlph0
ydu|lqj frppxqh gxpplhv1 Wkh w ri wklv uhjuhvvlrq lv kljk iru wkh rffxuuhqfh ri udlqidoo
luuhjxodulwlhv/ rwkhu zhdwkhu uhodwhg sureohpv dqg furs glvhdvhv1 Lq dgglwlrq/ dgyhuvh furs
vkrfnv gxh wr srolwlfdo lqvhfxulw| zhuh dovr kljko| fryduldqw dfurvv krxvhkrogv ri wkh vdph
frppxqh1 Wkhvh uhvxowv pdnh vhqvh dqg duh lqglfdwlyh ri wkh txdolw| ri wkh uhwurvshfwlyh
￿
￿
￿
Lq vslwh ri wkh uhfhqw odz fkdqjh wkdw judqwhg zrphq htxdo lqkhulwdqfh wr phq/ pdq| zlgrzv orvw odqg
xsrq wkh ghdwk ri wkhlu kxvedqgv1 Zrphq lqwhuylhzhg lq Jlnrqjrur vdlg wkdw/ lq sudfwlfh/ dffruglqj odqg
uljkwv wr d zlgrz ghshqgv pxfk rq wkh phuf| ri khu idplo| lq odz dqg zkhwkhu ru qrw wkh zrpdq kdv d vrq
wkdw zdv uhfrjql}hg e| khu iruphu kxvedqg +Yhusrruwhq/ 5339,1
￿
3
￿
Krxvhkrogv frxog phqwlrq xs wr wkuhh glhuhqw furs vkrfnv1
46Wdeoh 4= W|srorj| ri vkrfnv uhsruwhg
Krxvh0 Frppxqh Shuvl0 Rggv Rggv
krogv ohyho vwhqfh udwlr ri udwlr ri
dhfwhg yduldqfh ri vkrfn vkrfn
4<<405334 dv ( ri vkrfn ohdglqj ohdglqj
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7 415:
8
Qdwxudo ghdwk ri phpehu 7519 5:14 :16 ;14 415; 31;6
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<
, ri d uhjuhvvlrq ri hdfk w|sh ri vkrfn rq wkh wlph0ydu|lqj frppxqh gxpplhv1
=
Wkh
wudqvlwlrq suredelolw| jlyhv wkh suredelolw| wkdw diwhu wkh rffxuuhqfh ri d vkrfn lq |hdu w/ wkh vkrfnv
uhshdwv lwvhoi ru shuvlvwv lq |hdu w.41
> Wkh rggv udwlr vwhpv iurp d orjlvwlf uhjuhvvlrq1 Lq wklv
uhjuhvvlrq/ wkh ghshqghqw yduldeoh lv elqdu|/ wdnlqj ydoxh 4 lq |hdu w zkhq wkh krxvhkrog uhsruwhg d
odfn ri irrg lq |hdu w/ dqg 3 rwkhuzlvh1 Wkh h{sodqdwru| yduldeohv iru froxpq 8 dqg 9 duh uhvshfwlyho|
wkh vkrfnv lq w dqg w.41
gdwd1
Froxpq irxu jlyhv wkh wudqvlwlrq suredelolw| ri d vkrfn/ l1h1 wkh suredelolw| wkdw d vkrfn
wkdw rffxuuhg lq shulrg w uhshdwv lwvhoi/ ru shuvlvwv lq shulrg w . 41 Vhyhudo ri wkh vkrfnv
olvwhg lq Wdeoh 4/ vxfk dv vhhnlqj uhixjh ru kdylqj d phpehu lq sulvrq/ kdyh d kljk wudqvlwlrq
suredelolw|1 Wkh vkrfn*v wudqvlwlrq suredelolw| jlyhv d uvw lghd derxw wkh fruuhodwlrq ehwzhhq
|
￿ dqg |
￿
￿
￿
￿
￿ / exw wklv phdvxuh lv idu iurp shuihfw1 D vkrfn wkdw klwv d krxvhkrog lq shulrg
w pd| kdyh d shuvlvwhqw hhfw rq lqfrph/ hyhq wkrxjk wkh vkrfn lwvhoi lv qrw uhshdwhg ru
shuvlvwhqw1 Wkh fdvh ri d ylrohqw ghdwk ri d krxvhkrog phpehu lv looxvwudwlyh1 Wklv vkrfn lv
xqolnho| wr uhshdw lwvhoi/ exw lwv dgyhuvh lqfrph hhfw pd| shuvlvw1
Lghdoo|/ zh qhhg wr orrn dw wkh hhfw ri hdfk vkrfn rq fxuuhqw dqg ixwxuh lqfrph1 Krzhyhu/
krxvhkrog lqfrph iru wkh |hduv 4<<405334 lv qrw dydlodeoh1 Lqvwhdg/ hdfk krxvhkrog zdv dvnhg
wr lqglfdwh rq d wlpholqh lq zklfk |hdu lwv phpehuv glg qrw kdyh vx!flhqw irrg wr hdw +fi1 odvw
froxpqv ri Wdeoh 5,1 Wklv lv d vxemhfwlyh phdvxuh ri d frqvxpswlrq vkruwidoo/ vlqfh lw ghshqgv
rq wkh krxvhkrog*v xqghuvwdqglqj ri %vx!flhqw irrg%/ dqg wkhuhiruh rq wkh suhihuhqfhv dqg
sdvw h{shulhqfh ri wkh krxvhkrog1 Ixuwkhupruh/ zkhwkhu ru qrw dq lqfrph vkrfn uhvxowv lq
47Wdeoh 5= Dgyhuvh lqfrph vkrfn lqgh{ dqg frqvxpswlrq vkruwidoo ryhu wlph
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Doo Wxwvl Srolwlfdo Odfn ri Rwkhu Doo Wxwvl
krxvhkrogv khdghg lqvhfxulw| Udlqidoo lqsxwv sureohpv kkv khdghg
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Wkhvh fdwhjrulhv duh edvhg rq wkh vkrfnv olvwhg lq wdeoh 41 Krul}rqwdoo|/ wkh| vxp xs wr 4331 Wkh
fdwhjru| ri srolwlfdo lqvhfxulw| lv edvhg rq wkh vkrfnv olvwhg lq wkh urzv 409 ri wdeoh 4
d frqvxpswlrq vkruwidoo ghshqgv rq wkh delolw| ri wkh krxvhkrog wr vprrwk frqvxpswlrq1
Qhyhuwkhohvv wkh olqn ehwzhhq vkrfnv dqg uhsruwhg irrg vkruwdjhv pd| jlyh dq lghd derxw
wkh lpphgldwh dqg shuvlvwhqw hhfw ri vkrfnv rq wkh krxvhkrog*v lqfrph1
Wkh odvw wzr froxpqv ri Wdeoh 4 dvvhvv wklv olqn1 Iru hdfk w|sh ri vkrfn/ wkhvh froxpqv
vkrz wkh rggv udwlr wkdw wkh vkrfn lq |hdu w ohdgv wr d irrg vkruwdjh iru wkh krxvhkrog lq
|hdu w dqg w . 4 uhvshfwlyho|
￿
￿
￿
1 Prvw ri wkh uhsruwhg vkrfnv olvwhg lq Wdeoh 4 vljqlfdqwo|
lqfuhdvhg wkh suredelolw| ri dq lpphgldwh frqvxpswlrq vkruwidoo iru wkh krxvhkrog1 Iru derxw
wzr wklugv ri wkh vkrfnv uhvxowlqj lq d frqvxpswlrq vkruwidoo lq shulrg w/ wkh hhfw shuvlvwhg lq
wkh |hdu iroorzlqj wkh vkrfn/ dowkrxjk wkh hvwlpdwhg rggv udwlrv ehfrph vpdoohu1 Wklv qglqj
ri d srvlwlyh fruuhodwlrq ehwzhhq wkh vkrfnv dqg krxvhkrog irrg vkruwdjhv lv vxjjhvwlyh iru
wkh txdolw| ri wkh vhoi0uhsruwhg uhfdoo lqirupdwlrq1 Lq wklv uhvshfw/ lw lv qrwhzruwk| wkdw wkh
srvlwlyh fruuhodwlrq ehwzhhq uhsruwhg vkrfnv dqg irrg vkruwdjhv dovr krogv iru wkh |hduv sulru
wr 4<<7 +wkh uhvxowv iru vhsdudwh |hduv dqg shulrgv duh qrw uhsruwhg,1 Wkh rffxuuhqfh ri irrg
vkruwdjhv xsrq dgyhuvh lqfrph vkrfnv dovr ghprqvwudwhv wkdw krxvhkrogv gr qrw ixoo| vprrwk
frqvxpswlrq/ d jhqhudo qglqj iru uxudo duhdv lq ghyhorslqj frxqwulhv +iru dq ryhuylhz/ vhh
Ghufrq/ 5337,1
Zh qrz wxuq wr dq h{dplqdwlrq ri wkh glvwulexwlrq ri wkh uhsruwhg vkrfnv ryhu wkh wlph
vsdq 4<<4053341 Lq wkh uvw froxpq ri Wdeoh 5/ wkh glhuhqw vkrfnv duh djjuhjdwhg lqwr d
vkrfn lqgh{/ dqg vhw rxw djdlqvw wlph1 Wkh vkrfn lqgh{ zdv fdofxodwhg dv wkh qxpehu ri vkrfnv
wkdw klw krxvhkrog l lq |hdu w/ glylghg e| 8/ zklfk lv wkh pd{lpxp qxpehu ri krxvhkrog
vkrfnv uhsruwhg lq d vlqjoh |hdu1 Frqvhtxhqwo|/ wkh vkrfn lqgh{ wdnhv ydoxhv ehwzhhq 3 dqg
41 Wdeoh 5 vkrzv dq lqfuhdvlqj wuhqg ri wkh vkrfn lqgh{ ryhu wlph1 Wklv pd| eh gxh wr
wkh uhwurvshfwlyh qdwxuh ri wkh gdwd/ ehfdxvh iru pruh uhfhqw |hduv/ wkh uhfdoo ri hyhqwv pd|
frqvlghudeo| lpsuryh1 Ghvslwh wklv uhfdoo eldv/ vrph fohdu sdwwhuqv hphujh1 Iluvw/ lq 4<<7/
￿
￿
￿
Wkh rggv udwlr lv fdofxodwhg iurp d orjlvwlf uhjuhvvlrq ri d elqdu| yduldeoh 0wdnlqj 4 zkhq wkh krxvhkrog
lqglfdwhg d frqvxpswlrq vkruwidoo +dqg 3 rwkhuzlvh,0 rq hdfk vkrfn ri lqwhuhvw/ zkloh frqwuroolqj iru doo rwkhu
vkrfnv1
48wkh vkrfn lqgh{ lv kljk +hvshfldoo| iru Wxwvl0khdghg krxvhkrogv,/ fhuwdlqo| frpsduhg wr wkh
suhylrxv |hduv/ exw dovr frpsduhg wr wkh lpphgldwh srvw0jhqrflgh |hduv1 Vhfrqg/ wkh glylvlrq
ri wkh vkrfnv lqwr irxu fdwhjrulhv fohduo| vkrzv wkh lpsruwdqfh ri srolwlfdo lqvhfxulw| lq 4<<71
Wkh zdu0uhodwhg vkrfnv frqwlqxh lqwr 4<<8 dqg 4<<9/ pdlqo| ehfdxvh ri wkh kljk qxpehu
ri uhixjhhv dqg sulvrqhuv1 Lq wkhvh srvw0zdu |hduv krxvhkrogv dovr iuhtxhqwo| uhsruwhg d
vkruwdjh ri oderu ru pdqxuh1 Wklv pd| eh gxh wr wkh kljk qxpehu ri fdvxdowlhv/ sulvrqhuv/
xquhwxuqhg uhixjhhv dqg wkh hurvlrq ri olyhvwrfn1 Iurp 4<<: rqzdugv/ wkh odfn ri lqsxwv dqg
udlqidoo luuhjxodulwlhv ehfrph htxdoo| lpsruwdqw fdxvhv iru orz lqfrphv1 Sulru wr 4<<7/ wkh
odfn ri lqsxwv lv uhsruwhg dv wkh pdlq fdxvh iru dq lqfrph vkruwidoo/ suredeo| ehfdxvh iru wklv
shulrg krxvhkrogv irxqg lw gl!fxow wr uhfdoo wkh h{dfw |hdu ri udlqidoo luuhjxodulwlhv1 Ilqdoo|/
wkh wzr odvw froxpqv uhyhdo wkdw wkh qxpehu ri +erwk Kxwx0 dqg Wxwvl0khdghg, krxvhkrogv
vxhulqj iurp irrg vkruwdjhv uhdfkhg d shdn lq 4<<7
￿
￿
1
716 Fdwwoh rzqhuvkls/ sulfhv dqg wudqvdfwlrqv
Wdeoh 6 vkrzv lqirupdwlrq rq fdwwoh rzqhuvkls dqg fdwwoh wudqvdfwlrqv ryhu wlph1 Wkh uvw
froxpq jlyhv wkh sursruwlrq ri krxvhkrogv rzqlqj fdwwoh1 Wkh phdq sursruwlrq ryhu wkh
shulrg 4<<405334 lv 6517 shufhqw/ zlwk d shdn ri 6;13 shufhqw lq 4<<6 dqg d orz ri 5:18 shufhqw
lq 4<<8
￿
￿
￿
1 Wzr wklugv ri wkhvh fdwwoh rzqhuv rzq rqh ru wzr khdg ri fdwwoh/ zkloh rqo| d
kdqgixo rzq uhodwlyho| odujh khugv zlwk yh wr iwhhq khdg ri fdwwoh1 Qrqh ri wkh krxvhkrogv
ghshqg sulpdulo| rq olyhvwrfn iru wkhlu olyholkrrgv1 Wkh oxpslqhvv ri fdwwoh wrjhwkhu zlwk
wkh vfduflw| ri sdvwxuh odqg dqg wkh kljk pdlqwhqdqfh frvw ri fdwwoh duh dprqj wkh uhdvrqv
iru wkh vpdoo qxpehu ri fdwwoh lq rxu vdpsoh +vhh vhfwlrq 5,1
Froxpq wzr surylghv lqirupdwlrq rq wkh wrwdo qxpehu ri fdwwoh lq wkh vdpsoh ryhu wlph1
Wkh iroorzlqj froxpqv vkrz wkh wrwdo qxpehu ri fdwwoh orvw/ vrog/ sxufkdvhg/ eruq/ uhfhlyhg/
dqg jlyhq lq hdfk |hdu1 Dffruglqj wr wkh gdwd/ wkh fdwwoh orvw lq 4<<7 dprxqwhg wr derxw
kdoi ri wkh wrwdo fdwwoh vwrfn dw wkh vwduw ri 4<<7
￿
P
￿
1 Lq dgglwlrq/ lq 4<<7/ wkh qxpehu ri fdwwoh
vrog zdv udwkhu kljk frpsduhg wr rwkhu |hduv1 Wkh gdwd vkrz vrph hylghqfh ri uh0vwrfnlqj
ri fdwwoh lq wkh uvw frxsoh ri |hduv diwhu wkh jhqrflgh1 Erwk lq 4<<9 dqg 4<<: d uhodwlyho|
odujh qxpehu ri dqlpdov zdv erxjkw1 Lq dgglwlrq/ wkh qxpehu ri fdwwoh uhfhlyhg dv d jliw ru
wudqvihu zdv txlwh kljk lq wkh srvw0zdu |hduv1 Wklv vwhpv iurp wkh idfw wkdw/ lq wkh vdpsoh/
vhyhudo Wxwvl zlgrzv uhfhlyhg fdwwoh iurp LEXND/ d Uzdqgdq dvvrfldwlrq iru wkh vxuylyruv
ri wkh jhqrflgh1
Lq jhqhudo/ ihz fdwwoh zhuh vrog lq wkh vdpsoh/ zlwk dq dyhudjh ri 4815 khdgv shu |hdu +rq
dyhudjh :18 shufhqw ri wkh fdwwoh vwrfn,1 Lq 4<<7/ 5: khdg ri fdwwoh zhuh vrog/ doprvw wzlfh dv
￿
3
￿
Wkh qxpehu ri |hduv ri irrg vkruwdjhv ydulhv frqvlghudeo| dfurvv krxvhkrogv1 Iru h{dpsoh 48 shufhqw ri
krxvhkrogv glg qrw uhsruw dq| |hdu ri irrg vkruwdjh/ zkloh 4517 shufhqw uhsruwhg pruh wkdq yh |hduv ri irrg
vkruwdjhv1 Krxvhkrogv lq wklv odwwhu fdwhjru| prvwo| phqwlrqhg wkh odfn ri lqsxwv/ vxfk dv oderu/ odqg dqg
ihuwlol}hu/ dv wkh pdlq fdxvh iru wkhlu shuvlvwhqw frqvxpswlrq vkruwidoo1
￿
3
￿
Wkhvh jxuhv pd| jlyh wkh lpsuhvvlrq wkdw rqo| 63 wr 68 shufhqw ri krxvhkrogv rzqhg fdwwoh lq wkh
shulrg 4<<4053341 Krzhyhu/ wkh krxvhkrogv wkdw rzq fdwwoh fkdqjh ryhu wlph1 Dfwxdoo|/ pruh wkdq kdoi ri
wkh krxvhkrogv +8:1; (, zhuh fdwwoh rzqhuv lq rqh ru pruh |hduv ri wkh shulrg vwxglhg1
￿
￿
￿
Wklv lv vpdoohu wkdq wkh IDR hvwlpdwh ri ;3 shufhqw fdwwoh orvv iru wkh zkroh ri Uzdqgd +IDR/ 4<<:,1
49Wdeoh 6= Fdwwoh rzqhuvkls dqg fdwwoh wudqvdfwlrqv ryhu wlph
Sursruwlrq ri Khdg ri fdwwoh=
Krxvhkrogv
rzqlqj fdwwoh rzqhg orvw vrog erxjkw eruq uhfhlyhg jlyhq
4<<4 6917( 59: 3 8 ; 4 5 6
4<<5 6913( 595 4: : 46 44 6 4
4<<6 6;13( 5<9 ; 48 46 53 5 4
4<<7 6616( 58: 468 5: ; < 8 5
4<<8 5:18( 496 55 47 45 9 43 5
4<<9 5:1<( 4:8 7 48 53 44 9 6
4<<: 5<14( 4;7 ; ; 49 < 8 6
4<<; 6319( 4<7 ; 4; : < 43 9
4<<< 6417( 4;3 43 5: < 44 8 9
5333 6319( 4;4 49 43 4; 46 ; ;
5334 681:( 4<: 43 54 55 4< 8 <
pxfk dv wkh dyhudjh qxpehu vrog lq rwkhu |hduv
￿
B
￿
1 Wkh dyhudjh sulfh uhfhlyhg iru d khdg ri
fdwwoh gxulqj 4<<405334 zdv derxw 63/333 UZI/ pruh wkdq kdoi ri wkh dqqxdo h{shqglwxuh
shu uxudo lqkdelwdqw iru wklv shulrg
￿
1
￿
1 Lq 4<<7/ wkh fdwwoh sulfh zdv rq dyhudjh rqo| 44/833
UZI shu dqlpdo vrog1 Wkh sulfh revhuydwlrqv duh vhw rxw lq Iljxuh 41 D fxelf vsolqh lv
w wr +wkh phgldqv ri, wkh revhuydwlrq srlqwv1 Wkh olqh sorw fohduo| vkrzv d orz lq fdwwoh
sulfhv lq 4<<7 dqg d shdn vkruwo| diwhu1 Wkhvh duh qrplqdo fdwwoh sulfhv1 Uhdo sulfhv zrxog
prvw suredeo| uhlqirufh wkh slfwxuh/ exw/ h{fhsw iru vrph dqhfgrwlf hylghqfh ri vrdulqj irrg
sulfhv/ wkhuh duh qr uhfrugv ri wkh 4<<7 irrg sulfhv
￿
￿
1
Ehvlghv wkh qxpehu ri fdwwoh vrog dqg wkh sulfh uhfhlyhg/ dovr wkh uhdvrqv iru vhoolqj fdwwoh
glhu ehwzhhq zdu0 dqg shdfhwlph1 Iru hdfk dqlpdo vrog/ krxvhkrogv zhuh dvnhg wr jlyh wkh
pdlq uhdvrq iru vhoolqj1 Wdeoh 7 vkrzv wkh uhvxowv1 Iru wkh shulrg 4<<405334/ wkh qhhg wr
sxufkdvh irrg zdv wkh pdlq uhdvrq iru vhoolqj fdwwoh lq rqo| 4:16 shufhqw ri fdvhv/ dqg lq rqo|
4419 shufhqw ri fdvhv lq shdfhwlph +h{foxglqj 4<<7,1 Krxvhkrogv vrog fdwwoh prvwo| lq rughu
wr pdnh dqrwkhu lqyhvwphqw/ eh lw lq sk|vlfdo ru kxpdq fdslwdo1 Rffdvlrqdoo|/ fdwwoh zhuh
vrog wr sd| d euleh ru qh1 Iru h{dpsoh/ rqh iduphu vdlg kh vrog klv fdwwoh wr jhw klv vrq
rxw ri sulvrq1 D vljqlfdqw iudfwlrq ri vdohv +471:(, zhuh pdgh ehfdxvh wkh dqlpdov zhuh
frqvlghuhg xvhohvv ru zhuh gl!fxow wr fduh iru1 Wkh odwwhu uhdvrq zdv phqwlrqhg hvshfldoo|
e| wkh hoghuo| lq rxu vdpsoh1
Iru 4<<7/ wkh slfwxuh orrnv yhu| glhuhqw= pruh wkdq hljkw rxw ri whq dqlpdov zhuh vrog
hlwkhu ehfdxvh ri wkh qhhg wr ex| irrg +7717(, ru ehfdxvh ri lqvhfxulw| +731:(,1 %Lqvhfxulw|%
srlqwv khuh wr wkh ihdu iru fdwwoh udlglqj ru wkh qhhg wr vhhn uhixjh1 Iru h{dpsoh/ rqh shdvdqw
dqvzhuhg wkdw wkhuh zdv qr sdvwxuh odqg lq wkh uhixjhh fdpsv dqg kh zdv wkhuhiruh reoljhg
wr vhoo klv fdwwoh dw d yhu| orz sulfh1 Vhoolqj fdwwoh ehfdxvh ri wkh ihdu iru fdwwoh udlglqj uhvxowv
￿
3
￿
Wkh uhodwlyho| kljk qxpehu ri fdwwoh vdohv lq 4<<< lv gxh wr wkh rxweuhdn ri irrw0dqg0prxwk glvhdvh lq wkh
Vrxwk0Hdvw ri wkh frxqwu|1
￿
3
￿
Lq 5333/ wkh dqqxdo h{shqglwxuh shu uxudo lqkdelwdqw +dgxow htxlydohqw, dprxqwhg wr 94/766 UZI/ zkloh
lw zdv dw ;/458 UZI lq 4<<31 Wkh lq dwlrq iru wklv shulrg zdv 65;( +Jryhuqphqw ri Uzdqgd/ 5335d> PfNd|
dqg Oryhulgjh/ 5338,
￿
￿
Dq lqglfdwlrq ri wkh vrdulqj irrg sulfhv lv wkdw wkh irrg sulfhv lq 4<<8 zhuh wzlfh dv kljk dv lq 4<<6
+Zruog Edqn/ 5338,1
4:Iljxuh 4= Hyroxwlrq ri qrplqdo fdwwoh sulfhv gxulqj 4<<405334
lq d vkliw lq wkh krxvhkrog dvvhw sruwirolr1 Wklv pd| eh frqvlghuhg dv dq h{0dqwh vwudwhj|/
l1h1 wr jhw ulg ri ylvleoh zhdowk wkdw pd| dwwudfw plolwld1 Lq frqwudvw/ fdwwoh vdohv lq rughu wr
sxufkdvh irrg udwkhu txdoli| dv dq h{0srvw frqvxpswlrq vprrwklqj vwudwhj|1
717 Hwkqlf0edvh glhuhqfhv lq fdwwoh rzqhuvkls dqg wudqvdfwlrqv
Lq vhfwlrq 515 zh qrwhg wkh zlghvsuhdg lghd ri Wxwvl dv khughuv dqg Kxwx dv iduphuv1 Li
wklv zhuh wr eh wuxh/ fdwwoh rzqhuvkls frxog kdyh vhuyhg wr lghqwli| Wxwvl/ dqg wdujhw wkhp
iru vodxjkwhu lq 4<<71 Krzhyhu/ wkh gdwd dw kdqg frqwudglfw wklv lghd iru wkh surylqfhv ri
Jlnrqjrur dqg Jlwdudpd1 Lqghhg/ zh qg wkdw/ erwk lq wkh lqlwldo 4<<3 vdpsoh dqg lq wkh
5335 srvw0jhqrflgh vdpsoh/ Wxwvl0khdghg krxvhkrogv fdqqrw eh glvwlqjxlvkhg iurp Kxwx0
khdghg krxvhkrogv edvhg rq hfrqrplf dfwlylwlhv ru fdwwoh rzqhuvkls
￿
￿
1
Lq 4<<7/ Wxwvl0khdghg krxvhkrogv orvw pruh fdwwoh wkdq Kxwx0khdghg krxvhkrogv= ;915
￿
￿
Wkh frpsdulvrq ri wkh 4<<3 gdwd lqyroyhv 54 Wxwvl0khdghg krxvhkrogv dqg 556 rwkhu krxvhkrogv1 Ehvlghv
wkh fdwwoh vwrfn/ zh frpsduhg wkh frqwulexwlrq ri lqfrph iurp vl{ vrxufhv= +4, rzq frqvxpswlrq/ +5, furs
vdoh/ +6, ehhu surgxfwlrq/ +7, olyhvwrfn/ +8, r0idup idup zrun dqg +9, r0idup qrq0idup zrun1 Wkh xvxdo 8(
vljqlfdqfh ohyho zdv dssolhg1 D vljqlfdqw glhuhqfh zdv rqo| irxqg iru wkh frqwulexwlrq ri r0idup idup
zrun/ zklfk frqwulexwhg :14 shufhqwdjh srlqwv pruh wr wkh lqfrph ri Kxwx0khdghg krxvhkrogv1 Vxusulvlqjo|/
wkh Kxwx0khdghg krxvhkrogv lq wkh 4<<3 vdpsoh rzqhg wzlfh dv pxfk fdwwoh dv Wxwvl0khdghg krxvhkrogv/
wkrxjk wklv glhuhqfh zdv vljqlfdqw rqo| dw wkh 43( ohyho1 Wkh frpsdulvrq ri wkh 5335 gdwd lqyroyhv 8<
Wxwvl0khdghg krxvhkrogv dqg 4<: rwkhu krxvhkrogv1 Rqo| li zh vxeglylgh lqfrph vrxufh +9,/ l1h1 r0idup qrq0
idup zrun/ ixuwkhu lqwr vnloohg dqg xqvnloohg zrun/ zh qg wkdw Wxwvl0khdghg krxvhkrogv ghulyh vljqlfdqwo|
+dw wkh 8( ohyho, pruh lqfrph iurp vnloohg qrq0idup zrun1
4;Wdeoh 7= Uhsruwhg uhdvrqv iru fdwwoh vdohv
Qu ri vdohv ( ri wrwdo vdohv
Doo |hduv 4<<7 Doo |hduv 4<<7
Sxufkdvh ri irrg 5: 45 4:16 7717
Lqvhfxulw| 45 44 :1: 731:
Lqyhvwphqw lq sk|vlfdo fdslwdo dqg idup h{shqglwxuhv 5614 61:
Frqvwuxfwlrq ri krxvh ru sxufkdvh ri elnh 53 3
Sxufkdvh ri djulfxowxudo lqsxwv 49 4
Lqyhvwphqw lq kxpdq fdslwdo dqg zhgglqj h{shqvhv 651: :17
Khdowk fduh ihh 59 5
Vfkrro ihh 4: 3
Zhgglqj h{shqvhv ; 3
Qhhg iru fdvk wr sd| rwkhuv 718 3
Sd| zlih xsrq glyrufh 6 3
Glylgh lqkhulwdqfh xsrq idwkhu*v ghdg 4 3
Sd| euleh ru qh 6 3
Fdwwoh vwrfn dgmxvwphqw 471: 61:
Dqlpdo lv loo/ zlog/ rog ru xvhohvv 4< 4
Fdqqrw wdnh fduh ri +pruh wkdq 4, dqlpdo 7 3
( ri wkh fdwwoh rzqlqj Wxwvl0khdghg krxvhkrogv orvw fdwwoh yhuvxv 651;( ri Kxwx0khdghg
krxvhkrogv> :715( ri wkh wrwdo fdwwoh vwrfn khog e| Wxwvl0khdghg krxvhkrogv zdv orvw yhuvxv
661;( ri wkh wrwdo Kxwx0khog fdwwoh vwrfn1 Wklv lv qrw vxusulvlqj1 Iluvw/ zkloh klglqj iru
wkh nloohuv/ Wxwvl pd| kdyh ehhq irufhg wr ohdyh wkhlu fdwwoh ehklqg1 Vhfrqg/ dv h{sodlqhg
lq vhfwlrq 5/ fdwwoh sod|hg d uroh lq wkh jhqrflgh dv d zdu wursk| dqg d uhzdug iru nloohuv1
Wr vrph h{whqw/ lw fdq eh dujxhg wkdw fdwwoh frqvwlwxwhg d sduwlfxodu irup ri zhdowk lq 4<<7
ehfdxvh ri lwv 0 doehlw lppdwhuldol}hg 0 dvvrfldwlrq zlwk Wxwvl1 Rq wkh rwkhu kdqg/ zh qg
wkdw dovr rwkhu w|shv ri dvvhwv ri Wxwvl0khdghg krxvhkrogv zhuh sduwlfxoduo| dhfwhg e| wkh
ylrohqw frq lfw
￿
￿
￿
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Orrnlqj dw fdwwoh wudqvdfwlrqv/ zh gr qrw qrwlfh dq hwkqlf0edvhg glhuhqfh lq wkh shdfh
|hduv1 Lq frqwudvw/ hwkqlflw| sod|hg d pdmru uroh lq fdwwoh wudqvdfwlrqv lq wkh |hdu ri wkh
jhqrflgh1 Zh qg wkdw/ lq 4<<7/ rqo| rqh +617(, ri wkh 5< fdwwoh rzqlqj Wxwvl0khdghg
krxvhkrogv vrog fdwwoh +yhuvxv 441;( lq shdfh |hduv,1 Wkh uhdvrq uhsruwhg iru wklv vdoh +%wr
hqjdjh lq shww| wudgh%, zdv qrw gluhfwo| uhodwhg wr wkh ylrohqw frq lfw1 Lq frqwudvw/ 5616( ri
wkh fdwwoh rzqlqj Kxwx0khdghg krxvhkrogv vrog fdwwoh +yhuvxv 4713( lq d shdfh |hdu,1 Wkxv/
wkh revhuyhg lqfuhdvh lq fdwwoh vdohv gxulqj wkh |hdu ri ylrohqw frq lfw lv hqwluho| gxh wr vdohv
e| kxwx0khdghg krxvhkrogv1 Wkhvh ghvfulswlyh vwdwlvwlfv lqglfdwh wkdw/ iru 4<<7/ zh grq*w
qg hylghqfh iru wkh xvh ri fdwwoh vdohv dv dq h{0srvw ru dq h{0dqwh vwudwhj| e| krxvhkrogv
prvw wdujhwhg lq wkh jhqrflgh1 Diwhu ghhshqlqj rxu xqghuvwdqglqj ri fdwwoh vdoh ehkdylru lq
wkh uhjuhvvlrq dqdo|vlv/ wkh qh{w vhfwlrq glvfxvvhv glhuhqw h{sodqdwlrqv iru wklv qglqj1
￿
!
￿
Wkhvh rwkhu w|shv ri dvvhwv duh d krh/ pdfkhwwh/ udglr/ elnh dqg ixuqlwxuh1 Wkh ydoxh ri wkh uhsruwhg
orvvhv ri wkhvh dvvhwv gxh wr wkh zdu dprxqwhg wr ;8:9 UZI iru Wxwvl0khdghg krxvhkrogv dqg 4633 UZI iru
Kxwx0khdghg krxvhkrogv1 Lq dgglwlrq/ wdeoh 4 vkrzhg wkdw d odujhu sursruwlrq ri Wxwvl0khdghg krxvhkrogv
orvw wkhlu krxvh gxh wr wkh ylrohqfh1
4<8 Whvwlqj iru wkh xvh ri fdwwoh iru frslqj zlwk dgyhuvh lqfrph
vkrfnv= d frpsdulvrq ehwzhhq shdfh0 dqg zduwlph
Lq wklv vhfwlrq/ zh whvw zkhwkhu krxvhkrogv vrog fdwwoh xsrq wkh rffxuuhqfh ri dq dgyhuvh
lqfrph vkrfn1 Wr dvfhuwdlq wkdw wkhvh fdwwoh vdohv gr qrw mxvw uh hfw vkliwv lq wkh krxvhkrog
dvvhw sruwirolr +lqfoxglqj wkh h{dqwh vwudwhj| wr jhw ulg ri ylvleoh zhdowk,/ zh uhshdw wkh
whvw zlwk fdwwoh vrog iru wkh sxusrvh ri sxufkdvlqj irrg dv h{sodqdwru| yduldeoh1
814 Hfrqrphwulf vshflfdwlrq
Wkh ghshqghqw yduldeoh/ }
S
T
￿ / lv d elqdu| yduldeoh wdnlqj wkh ydoxh 4 zkhq krxvhkrog l vrog
fdwwoh lq |hdu w/ dqg 3 rwkhuzlvh
￿
￿
￿
1 Wkh h{sodqdwru| yduldeoh ri lqwhuhvw lv wkh vkrfn lqgh{/
v
S
T
￿ / d phdvxuh ri wkh vkrfnv idfhg e| krxvhkrog l lq |hdu w1 Wklv phdvxuh zdv ghqhg lq
vhfwlrq 715
￿
B
￿
1 Zh lqwhudfw wkh vkrfn lqgh{ zlwk d gxpp|/ g
￿ / lqglfdwlqj fdwwoh rzqhuvkls dw
wkh vwduw ri shulrg w1 Wklv |lhogv pruh suhflvh hvwlpdwhv vlqfh rqo| fdwwoh rzqlqj krxvhkrogv
fdq vhoo fdwwoh xsrq wkh rffxuuhqfh ri d vkrfn1 Wkh prgho fdq eh irupxodwhg lq whupv ri wkh
iroorzlqj xqghuo|lqj odwhqw prgho
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￿ lv wkh xqghuo|lqj odwhqw ghshqghqw yduldeoh> {
S
T
￿ duh d vhulhv ri frqwuro yduldeohv> 
S
duh Q krxvhkrog vshflf xqnqrzq sdudphwhuv> dqg %
S
T
￿ lv wkh huuru whup1
Ehvlghv exhulqj prwlyhv/ fdwwoh vwrfn dgmxvwphqw wr uhdfk wkh rswlpxp khug vl}h pd|
sod| dq lpsruwdqw uroh lq olyhvwrfn vdoh ehkdylru +PfLqwluh hw do1/ 4<<5,1 Wkhuhiruh/ zh
lqfoxgh wkh fdwwoh vwrfn lq |hdu w4/ lwv vtxduh dqg fkdqjhv lq wkh fdwwoh vwrfn lq |hdu w4
dv frqwuro yduldeohv1 Iru wkh vdph uhdvrq/ zh lqfoxghg wkh khdgv ri fdwwoh eruq/ uhfhlyhg dqg
jlyhq lq |hdu w/ wkh qxpehu ri fdwwoh vwrohq ru nloohg dqg wkh khdgv ri fdwwoh wkdw glhg iurp d
glvhdvh lq |hdu w1 Ilqdoo|/ zh frqwuro iru krxvhkrog odqg dqg oderu/ zklfk ghwhuplqh wkh frvw
ri fdwwoh khuglqj/ exw pd| dovr fdswxuh krxvhkrog suhihuhqfhv dqg wkh dydlodelolw| ri rwkhu
frslqj vwudwhjlhv1 Iru h{dpsoh/ dv dq dowhuqdwlyh wr vhoolqj dvvhwv lq shulrgv ri glvwuhvv/ dfwlyh
dgxowv pd| orrn iru whpsrudu| r0idup hpsor|phqw1 Ru/ wkh suhvhqfh ri vpdoo fkloguhq pd|
￿
￿
￿
Qr glvwlqfwlrq lv pdgh ehwzhhq rqh ru pruh khdgv ri fdwwoh vrog/ ehfdxvh wkh qxpehu vrog uduho| h{fhhgv
rqh1
￿
3
￿
Wkh vkrfn lqgh{ dffrugv dq htxdo zhljkw wr wkh vkrfnv olvwhg lq Wdeoh 41 Dq dowhuqdwlyh zd| lv wr frqvwuxfw
d zhljkwhg lqgh{ wr uh hfw wkh vkrfnv* qhjdwlyh lpsdfw rq krxvhkrog lqfrph1 Odfnlqj lqfrph gdwd/ zh vhw
wkh zhljkwv htxdo wr wkh hvwlpdwhg frh!flhqwv ri d orjlvwlf uhjuhvvlrq wkdw fdofxodwhv wkh suredelolw| ri d irrg
vkruwdjh iru krxvhkrog l jlyhq wkh vkrfnv wkdw klw wkh krxvhkrog lq |hdu w1 Wkh zhljkwhg lqgh{ jlyhv d kljk
+orz, zhljkw wr d vkrfn wkdw frqvlghudeo| +rqo| voljkwo|, lqfuhdvhv wkh suredelolw| ri d frqvxpswlrq vkruwidoo1
Txdolwdwlyho|/ wkh uhvxowv ri wkh uhjuhvvlrq dqdo|vlv duh frpsdudeoh dfurvv erwk phdvxuhv +wkhvh uhvxowv duh
qrw uhsruwhg exw fdq eh rewdlqhg rq uhtxhvw,1
53lqgxfh krxvhkrogv wr krog rq wr fdwwoh iru wkhlu plon
￿
￿
1 Wdeoh 8 jlyhv d ghvfulswlrq ri doo
yduldeohv xvhg lq wkh uhjuhvvlrq dqdo|vlv1
Wkh sdudphwhuv 
S lq htxdwlrq +9, fdq eh wuhdwhg dv udqgrp xqnqrzq sdudphwhuv ru dv
{hg xqnqrzq sdudphwhuv1 Lq wkh uvw fdvh/ wkh prgho lv hvwlpdwhg xvlqj wkh udqgrp hhfwv
surelw dssurdfk1 Wkh fuxfldo dvvxpswlrq xqghuo|lqj wklv dssurdfk lv wkdw wkh krxvhkrog0
vshflf hhfwv 
S duh lqghshqghqw ri v
S
T
￿ dqg {
S
T
￿ +Pdggdod/ 4<;:,1 Li wklv dvvxpswlrq lv
ylrodwhg/ d {hg hhfwv wuhdwphqw lv pruh dssursuldwh1 Vlqfh erwk wkh Kdxvpdq dqg wkh
Pxqgodn whvw uhmhfw wkdw 
S dqg v
S
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￿ duh ruwkrjrqdo dw d 8( vljqlfdqfh ohyho/ zh xvh wkh
{hg hhfwv dssurdfk dqg w d frqglwlrqdo {hg0hhfwv orjlw prgho wr wkh gdwdvhw +Kdxvpdq
dqg Wd|oru/ 4<;4,1 Lw fdq eh vkrzq wkdw/ xqghu zhdn uhjxodulw| frqglwlrqv/ wkh frqglwlrqdo
pd{lpxp olnholkrrg hvwlpdwru lv frqvlvwhqw dqg dv|pswrwlfdoo| qrupdo +Pdggdod/ 4<;:,1 Wkh
frqglwlrqdo {hg0hhfwv orjlw prgho kdv wkh glvdgydqwdjh wkdw wkh revhuydwlrqv ri krxvhkrogv
wkdw gr qrw fkdqjh vwdwxv ryhu wlph/ gurs rxw1 Dv d uhvxow/ wkh k|srwkhvlv whvw lv olplwhg
wr krxvhkrogv wkdw vrog fdwwoh dw ohdvw rqfh gxulqj wkh shulrg 4<<4053341 Wklv frqvlghudeo|
uhgxfhv rxu krxvhkrog0|hdu revhuydwlrqv iurp 58;3 wr ;63 dqg wr 553/ uhvshfwlyho| iru wkh
elqdu| ghshqghqw yduldeohv %fdwwoh vrog% dqg %fdwwoh vrog lq h{fkdqjh iru irrg%
￿
￿
￿
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Wdeoh D4 lq wkh Dsshqgl{ frpsduhv wkh krxvhkrog fkdudfwhulvwlfv dfurvv wkh ixoo vdpsoh
dqg wkh wzr vxe0vdpsohv1 Frpsdulqj wkh vxe0vdpsoh ri ;6 krxvhkrogv zlwk wkh ixoo vdpsoh
ri 58; krxvhkrogv/ zh qg wkdw wkh odwwhu krxvhkrogv rzq ihzhu fdwwoh/ dqg kdyh rq dyhudjh
vpdoohu odqg dqg krxvhkrog vl}hv1 Krzhyhu/ wkhuh duh rqo| vpdoo glhuhqfhv zlwk uhvshfw wr wkh
lqflghqfh ri dgyhuvh lqfrph vkrfnv dqg hwkqlf frpsrvlwlrq dfurvv wkh glhuhqw vdpsohv1 Dv
vxfk/ wkh sursruwlrq ri Wxwvl0khdghg krxvhkrogv dprqj wkh ;6 dqg 58; krxvhkrogv dprxqwv
wr uhvshfwlyho| 531:6( dqg 551<9(1 Zh fdq wkhuhiruh eh idluo| frqghqw wkdw wkh vdpsoh
ri ;6 krxvhkrogv lv qrw d kljko| sduwlfxodu vxe0vdpsoh ri wkh vdpsoh ri 58; krxvhkrogv1 Lq
frqwudvw/ wkh hwkqlf frpsrvlwlrq dqg lqflghqfh ri ylrohqw vkrfnv lv txlwh glhuhqw dfurvv
wkh ;6 krxvhkrogv zkr vrog dw ohdvw rqh khdg ri fdwwoh lq wkh shulrg 4<<405334 dqg wkh 55
krxvhkrogv zkr vrog dw ohdvw rqh khdg ri fdwwoh lq h{fkdqjh iru irrg1 Dprqj wkhvh odwwhu 55
krxvhkrogv/ zh rqo| frxqw rqh Wxwvl0khdghg krxvhkrog1 Frpsdulqj wkh IH0uhvxowv xvlqj wkh
vxe0vdpsohv zlwk wkh UH0uhvxowv xvlqj wkh ixoo vdpsoh/ zh qg txdolwdwlyho| vlplodu uhvxowv/
wkrxjk wkh hvwlpdwhg frh!flhqwv rq wkh glhuhqw vkrfn yduldeohv duh vpdoohu lq devroxwh
ydoxh iru wkh UH0uhvxowv
￿
P
￿
1
￿
￿
￿
Zh dovr uxq uhjuhvvlrqv lqfoxglqj yduldeohv wr frqwuro iru wkh idfw wkdw krxvhkrogv pd| zdqw wr nhhs wkhlu
fdwwoh dv d eulgh sulfh xsrq wkh pduuldjh ri d vrq1 Wklv sudfwlfh zdv glvfxvvhg lq vhfwlrq 5151 Iluvw/ zh
glvdjjuhjdwh wkh h{sodqdwru| yduldeoh %phq 48098% lqwr wzr frpsrqhqwv= phq |hw wr eh pduulhg dqg rwkhu
phq1 Vhfrqg/ zh frqwuroohg iru %pduuldjhv ri pdoh krxvhkrog phpehuv lq |hdu w.4%1 Lq erwk fdvhv/ wkh
uhvxowv duh xqdhfwhg dqg wkh frqwuro yduldeohv duh qrw vljqlfdqwo| glhuhqw iurp }hur1 Wkh uhvxowv ri wkhvh
dgglwlrqdo uhjuhvvlrqv fdq eh rewdlqhg rq uhtxhvw1
￿
￿
￿
Wkh revhuydwlrqv iru 4<<4 duh gursshg gxh wr wkh lqfoxvlrq ri odjjhg yduldeohv1 Wkhuhiruh/ wkh pd{lpxp
srvvleoh qxpehu ri revhuydwlrqv lv 58;3 +58;-43,1
￿
!
￿
Wklv glhuhqfh lv qrw vxusulvlqj vlqfh wkh UH0orjlw dssurdfk lqofxghv krxvhkrogv zkr glg qrw vhoo dq|
khdg ri fdwwoh gxulqj wkh shulrg 4<<4053341 Wkh UH0uhvxowv fdq eh rewdlqhg rq uhtxhvw1
54Wdeoh 8= Ghqlwlrq dqg ghvfulswlyh vwdwlvwlfv iru wkh h{sodqdwru| yduldeohv xvhg lq uhjuhvvlrq
dqdo|vlv/ 4<<405334
Ghvfulswlrq
R Q@;63
Phdq Yduldqfh
Vkrfn lqgh{ +w, Vxp ri vkrfnv olvwhg lq wdeoh 4 3156 3154
Frpprq frpsrqhqw ri Sduw ri vkrfn lqgh{ h{sodlqhg e| 3168 3154
vkrfn lqgh{ +w, wlph0ydu|lqj frppxqh gxpplhv
Lglrv|qfudwlf frpsrqhqw ri Uhpdlqlqj sduw 3173 3145
vkrfn lqgh{ +w,
Shuvlvwhqw frpsrqhqw ri Sduw ri vkrfn lqgh{ wkdw shuvlvwv 3153 3153
vkrfn lqgh{ +w, ryhu wlph
U
Whpsrudu| frpsrqhqw ri Uhpdlqlqj sduw 3145 3147
vkrfn lqgh{ +w,
Vkrfn lqgh{ iru 4<<7 +w, Lqgh{ ri vkrfnv rffxuulqj lq 4<<7 3166
V 3157
V
Vkrfn lqgh{ iru rwkhu |hduv +w, Uhpdlqlqj sduw 314;
W 3153
W
Kljko| ylrohqw frpsrqhqw ri Vkrfn lqgh{ gxh wr ylrohqw ghdwk dqg 314:
V 3164
V
vkrfn lqgh{ lq 4<<7 +w, wkh ghvwuxfwlrq ri wkh kk*v krxvh
Rwkhu frpsrqhqwv ri Uhpdlqlqj sduw 317:
V 314:
V
vkrfn lqgh{ lq 4<<7 +w,
Frpprq frpsrqhqw ri fdwwoh Fryduldqw sduw ri fdwwoh orvw 3139 314<
orvw gxh wr ylrohqfh +w, gxh wr ylrohqfh
Lglrv|qfudwlf frpsrqhqw ri fdwwoh Uhpdlqlqj sduw 3138 3169
orvw gxh wr ylrohqfh +w,
Frpprq frpsrqhqw ri fdwwoh Fryduldqw sduw ri fdwwoh orvw 3136 3139
orvw gxh wr rwkhu fdxvh +w, gxh wr rwkhu fdxvh
Lglrv|qfudwlf frpsrqhqw ri fdwwoh Uhpdlqlqj sduw 3138 3159
orvw gxh wr rwkhu fdxvh +w,
Fdwwoh orvw gxh wr ylrohqfh +w, Qxpehu ri khdgv orvw gxh wr zdu2wkhiw 3139 3176
Fdwwoh orvw gxh wr rwkhu fdxvh +w, Qxpehu ri khdgv orvw gxh wr glvhdvh 3138 315;
ru qdwxudo ghdwk fdxvh
Fdwwoh eruq +w, Qxpehu ri khdgv eruq 313< 3166
Fdwwoh uhfhlyhg +w, Qxpehu ri khdgv uhfhlyhg dv d jliw 3137 3154
Fdwwoh jlyhq +w, Qxpehu ri khdgv jlyhq dv d jliw 3137 314<
Fdwwoh vwrfn +w04, Qxpehu ri khdgv rzqhg 41;6 5156
Vtxduhg fdwwoh vwrfn +w04, ;168 571;9
Fdwwoh orvw +w04, Qxpehu ri khdgv orvw 3144 3184
Fdwwoh eruq +w04, Qxpehu ri khdgv eruq 313; 3163
Fdwwoh uhfhlyhg +w04, Qxpehu ri khdgv uhfhlyhg dv d jliw 3137 3153
Fdwwoh jlyhq +w04, Qxpehu ri khdgv jlyhq dv d jliw 3136 314;
Odqg vl}h +w04, Khfwduh ri odqg rzqhg 4144 4144
Fkloguhq +w04, Qxpehu ri lqglylgxdov/ ? 48 |hduv 51;6 41;4
Zrphq +w04, Qxpehu ri zrphq/ 48098 |hduv 418: 4137
Phq +w04, Qxpehu ri phq/ 48098 |hduv 415< 413;
Hoghuv +w04, Qxpehu ri lqglylgxdov/ A 98 |hduv 314; 3173
R
Doo wkh vkrfn lqgh{hv duh qrupdol}hg wr w wkh lqwhuydo ^3/4`1
U Dv d phdvxuh ri shuvlvwhqfh/ zh xvh
wkh wudqvlwlrq suredelolwlhv olvwhg lq wdeoh 41
V Phdq dqg yduldqfh iru 4<<71
W Phdq dqg yduldqfh
iru 4<<405335/ ehvlghv 4<<71
55815 Hvwlpdwlrq uhvxowv
Wdeohv 9 dqg : vkrz wkh {hg0hhfwv orjlw hvwlpdwhv/ uhvshfwlyho| iru doo fdwwoh vdohv dqg
fdwwoh vdohv lq h{fkdqjh iru irrg1 Zh uvw whvw wkh edvlf k|srwkhvlv/ l1h1 zkhwkhu krxvhkrogv
vrog fdwwoh lq d |hdu lq zklfk rqh ru pruh dgyhuvh lqfrph vkrfnv rffxuuhg +froxpq 4,1 Wkh
hvwlpdwh iru  lv fohduo| srvlwlyh dqg vljqlfdqwo| glhuhqw iurp }hur1 Lwv ydoxh lq Wdeoh 9
+5153, lpsolhv wkdw dq lqfuhdvh ri wkh vkrfn lqgh{ iurp 3 wr 4/ uhvxowv lq d 5153 xqlw lqfuhdvh
lq wkh orj ri wkh rggv ri vhoolqj fdwwoh1 Sxw lq dqrwkhu zd|/ wklv phdqv wkdw wkh rggv ri vhoolqj
fdwwoh zkhq wkh vkrfn lqgh{ htxdov 4 lv <136 +h{s+5153,, juhdwhu wkdq zkhq wkh vkrfn lqgh{
htxdov }hur1 Dowhuqdwlyho|/ rqh fdq frpsxwh wkh pdujlqdo hhfw ri d fkdqjh lq wkh vkrfn
lqgh{/ hydoxdwhg dw wkh vdpsoh phgldq iru wkh rwkhu h{sodqdwru| yduldeohv1 Grlqj vr/ zh qg
wkdw wkh suredelolw| ri d krxvhkrog vhoolqj fdwwoh lqfuhdvhv zlwk 3188 shufhqwdjh srlqwv iru d
pdujlqdo lqfuhdvh lq wkh vkrfn lqgh{1 Wkh uhvxowv lq Wdeoh : +froxpq 4,/ zlwk fdwwoh vdohv
lq h{fkdqjh iru irrg dv wkh ghshqghqw yduldeoh/ duh txdolwdwlyho| vlplodu/ lqglfdwlqj wkdw zh
duh qrw phuho| slfnlqj xs wkh hhfw ri vkliwv lq wkh krxvhkrog*v dvvhw frpelqdwlrq xsrq dq
dgyhuvh lqfrph vkrfn1
Dv phqwlrqhg ehiruh/ wkh w|sh ri vkrfn pdwwhuv iru wkh hhfwlyhqhvv ri fdwwoh vdohv iru
vprrwklqj frqvxpswlrq1 Li wkh vkrfn lv fryduldqw/ wkh whupv ri wudgh ulvn pd| vhw lq +sohdglqj
djdlqvw fdwwoh vdoh,/ exw dw wkh vdph wlph rwkhu frslqj vwudwhjlhv/ vxfk dv lqirupdo lqvxu0
dqfh dqg zdjh zrun pd| shuirup srruo| +idyrulqj fdwwoh vdoh,1 Wkh slfwxuh lv uhyhuvhg iru
lglrv|qfudwlf vkrfnv1 Wr qg rxw zklfk w|sh ri vkrfnv fdwwoh vdohv duh prvw uhvsrqvlyh wr/
zh glvdjjuhjdwh wkh vkrfn lqgh{ v
S
T
￿ lq wzr sduwv/ d frpprq dqg lglrv|qfudwlf frpsrqhqw1
Wkh frpprq frpsrqhqw zdv rewdlqhg iurp d uhjuhvvlrq ri wkh vkrfn lqgh{ rq wkh ixoo vhw
ri wlph0ydu|lqj frppxqh gxpplhv1 Wkh sduw ri wkh vkrfn lqgh{ qrw h{sodlqhg e| wklv uh0
juhvvlrq zdv wuhdwhg dv wkh lglrv|qfudwlf frpsrqhqw ri wkh vkrfn lqgh{1 Erwk sduwv zhuh
qrupdol}hg wr w wkh lqwhuydo ^3/4`1 Froxpq 5 ri Wdeoh 9 vkrzv wkdw fdwwoh vdohv zhuh pruh
uhvsrqvlyh wr fryduldqw vkrfnv wkdq wr lglrv|qfudwlf vkrfnv1 Wklv lv lq olqh zlwk wkh qglqjv
ri Idifkdpsv hw do1 +4<<;, lq Exunlqd Idvr/ zkr frqfoxgh wkdw krxvhkrogv kdyh rwkhu ohvv
frvwo| zd|v wr ghdo zlwk lglrv|qfudwlf vkrfnv/ zkloh wkh vdph grhv qrw dsso| wr fryduldqw
vkrfnv1 Wklv uhdvrqlqj pd| dovr dsso| wr rxu uhvxowv iru Uzdqgd1 Djdlq/ wkh uhvxowv lq Wdeoh
: +froxpq 5, duh txdolwdwlyho| vlplodu1
Wkh shuvlvwhqfh ri wkh vkrfn pd| dovr pdwwhu iru fdwwoh vdoh ehkdylru +frqglwlrqdo xsrq
wkh delolw| ri krxvhkrogv wr iruhvhh ixwxuh vkrfnv ru lqfrph ulvn,1 Rq wkh rqh kdqg/ xsrq dq
dgyhuvh lqfrph vkrfn lq |hdu w/ d krxvhkrog pd| eh uhoxfwdqw wr ghsohwh lwv fdwwoh vwrfn lq |hdu
w li wkh vdph kdugvkls ru zruvh lv h{shfwhg lq |hdu w.4 +fhuwdlqo| zkhq dvvxplqj ghfuhdvlqj
devroxwh ulvn dyhuvlrq/ dv lq wkh exhu vwrfn prgho iru suhfdxwlrqdu| vdylqjv,1 Rq wkh rwkhu
kdqg/ wkh oxpslqhvv ri fdwwoh pd| pdnh lwv xvh dv d exhu vwrfn pruh vxlwdeoh iru frslqj
zlwk orqj whup kdugvkls wkdq iru frslqj zlwk d vkruw whup lqfrph vkruwidoo/ surylghg wkdw
krxvhkrogv vsuhdg wkh xvh ri wkh prqh| rewdlqhg iurp d fdwwoh vdoh ryhu pruh wkdq rqh wlph
shulrg1 Lq dgglwlrq/ shupdqhqw vkrfnv pd| eh gl!fxow wr frsh zlwk lq rwkhu zd|v/ zkhuhdv
krxvhkrogv pd| kdyh dffhvv wr rwkhu ohvv frvwo| vwudwhjlhv wr ghdo zlwk d wudqvlwru| vkrfn1 Iru
56Wdeoh 9= Il{hg hhfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv
4 5 6 7 8 9
Vkrfn lqgh{ +w,
R 5153 41<7
+31333, +31337,
Lglrv|qfudwlf frpsrqhqw 31:9
ri vkrfn lqgh{ +w, +316;6,
Frpprq frpsrqhqw 61:;
ri vkrfn lqgh{ +w, +31333,
Whpsrudu| frpsrqhqw 03184
ri vkrfn lqgh{ +w, +31963,
Shuvlvwhqw frpsrqhqw 619:
ri vkrfn lqgh{ +w, +31333,
Vkrfn lqgh{ iru 4<<7 +w, 4153
+31556,
Vkrfn lqgh{ iru rwkhu |hduv +w, 5199 51<5
+31333, +31333,
Kljko| ylrohqw frpsrqhqw 031;8
vkrfn lqgh{ lq 4<<7 +w, +31839,
Rwkhu frpsrqhqwv ri 419<
vkrfn lqgh{ lq 4<<7 +w, +3134:,
Frpprq frpsrqhqw ri fdwwoh
X 3143
orvw gxh wr ylrohqfh +w,
R +31;;6,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh 03199
orvw gxh wr ylrohqfh +w, +31363,
Frpprq frpsrqhqw ri fdwwoh 61;9
orvw gxh wr rwkhu fdxvh +w,
R +31387,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh 0417;
orvw gxh wr rwkhu fdxvh +w, +31359,
Fdwwoh orvw gxh wr ylrohqfh +w, 03189 03193 03187 0317; 0317:
+31354, +31344, +31364, +31383, +3139<,
Fdwwoh orvw gxh wr rwkhu fdxvh +w, 04147 0414< 04144 04145 04148
+3137<, +31378, +31388, +3137<, +3137:,
Fdwwoh vwrfn +w04, 4176 4169 4176 4176 4173 4174
+31333, +31333, +31333, +31333, +31333, +31333,
Vtxduhg fdwwoh vwrfn +w04, 0313: 0313: 0313: 0313: 0313: 0313:
+31333, +31333, +31333, +31333, +31333, +31333,
Fkl0vtxduhg vwdwlvwlf 46:1;: 4761;6 477139 46<1;7 477135 475139
Ohyho ri vljqlfdqfh 31333 31333 31333 31333 31333 31333
Qxpehu ri revhuydwlrqv ;63 ;63 ;63 ;63 ;63 ;63
Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh eruq
+w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu ri fkloguhq
+w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,>
R
Wkhvh yduldeohv
duh lqwhudfwhg zlwk d gxpp| ri fdwwoh rzqhuvkls dw wkh vwduw ri shulrg w1
57Wdeoh := Il{hg hhfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh vdohv lq h{fkdqjh iru irrg
4 5 6 7 8 9
Vkrfn lqgh{ +w,
R 6164 51<3
+31385, +31438,
Lglrv|qfudwlf frpsrqhqw ri 3183
vkrfn lqgh{ +w, +31;5;,
Frpprq frpsrqhqw ri :148
vkrfn lqgh{ +w, +3133:,
Whpsrudu| frpsrqhqw ri 41:9
vkrfn lqgh{ +w, +317;6,
Shuvlvwhqw frpsrqhqw ri 614;
vkrfn lqgh{ +w, +31548,
Vkrfn lqgh{ iru 4<<7 +w, 71:6
+31363,
Vkrfn lqgh{ iru rwkhu |hduv +w, 5189 61<9
+314:9, +31389,
Kljko| ylrohqw frpsrqhqw ri 0:91<9
vkrfn lqgh{ lq 4<<7 +w, +41333,
Rwkhu frpsrqhqwv ri 7144
vkrfn lqgh{ lq 4<<7 +w, +31338,
Frpprq frpsrqhqw ri fdwwoh 3188
orvw gxh wr ylrohqfh +w,
R +31:;8,
Lglrv|qfudwlf frpsrqhqw ri 31<8
fdwwoh orvw gxh wr ylrohqfh +w, +31637,
Frpprq frpsrqhqw ri fdwwoh 71;9
orvw gxh wr rwkhu fdxvh +w,
R +314:7,
Lglrv|qfudwlf frpsrqhqw fdwwoh 051<6
orvw gxh wr rwkhu fdxvh +w, +31486,
Fdwwoh orvw gxh wr ylrohqfh +w, 31<5 4143 31;7 31<9 317;
+315:3, +31547, +3164<, +31598, +318<:,
Fdwwoh orvw gxh wr rwkhu fdxvh +w, 05134 041<5
X 513: 05136 05173
+31537, +31578, +31539, +314;:, +31454,
Fdwwoh vwrfn +w04, 6187 616: 6178 618: 6149 6176
+31335, +31337, +31336, +31335, +3133:, +31336,
Vtxduhg fdwwoh vwrfn +w04, 03175 03173 0316< 03176 03166 03173
+3135:, +31364, +31374, +31359, +313<<, +3135:,
Fkl0vtxduhg vwdwlvwlf 7515< 7:137 7:137 7616< 7:1<9 771::
Ohyho ri vljqlfdqfh 31334 31333 31334 31334 31333 31334
Qxpehu ri revhuydwlrqv 553 553 553 553 553 553
Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh eruq
+w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu ri fkloguhq
+w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,>
R
Wkhvh yduldeohv
duh lqwhudfwhg zlwk d gxpp| ri fdwwoh rzqhuvkls dw wkh vwduw ri shulrg w1
58h{dpsoh/ orzhu irrg lqwdnh lv d vwudwhj| wkdw pd| eh hdvlo| vxvwdlqhg lq wkh vkruw whup/ exw
qrw lq wkh orqj whup1 Wr whvw iru glhuhqw uhvsrqvlyhqhvv ri fdwwoh vdohv dffruglqj wr wkh ohqjwk
ri wkh vkrfnv/ zh glvdjjuhjdwh wkh vkrfn lqgh{ lqwr d whpsrudu| dqg d shuvlvwhqw frpsrqhqw1
Wr fdofxodwh wkh shuvlvwhqw frpsrqhqw ri wkh vkrfn lqgh{/ zh uvw wrrn d zhljkwhg vxp ri
wkh vkrfnv/ zlwk wkh zhljkwv htxdo wr wkh wudqvlwlrq suredelolwlhv dv olvwhg lq Wdeoh 41 Wkh
whpsrudu| frpsrqhqw ri wkh vkrfnv zdv wdnhq dv wkh glhuhqfh ehwzhhq wklv zhljkwhg vxp
dqg wkh xqzhljkwhg vxp ri vkrfnv1 Erwk sduwv zhuh wkhq qrupdol}hg wr w wkh lqwhuydo ^3/4`1
Wkh uhvxowv lq froxpq 6 ri Wdeoh 9 lqglfdwh wkdw vkrfnv wkdw shuvlvw ryhu wlph wuljjhu r pruh
fdwwoh vdohv wkdq whpsrudu| vkrfnv1 Krzhyhu/ wklv qglqj lv qrw vxssruwhg e| wkh uhvxowv lq
Wdeoh :/ zkhuh wkh hvwlpdwhg frh!flhqw iru wkh shuvlvwhqw frpsrqhqw ri wkh vkrfn lqgh{ lv qrw
vljqlfdqwo| glhuhqw iurp }hur1 Wklv vxjjhvwv wkdw wkh revhuyhg uhodwlrqvkls ehwzhhq fdwwoh
vdohv dqg shuvlvwhqw vkrfnv uh hfwv dvvhw sruwirolr vkliwv udwkhu wkdq frqvxpswlrq vprrwklqj
ehkdylru1 Wkh qrq0uhvsrqvlyhqhvv ri fdwwoh vdohv lq h{fkdqjh iru irrg wr shuvlvwhqw vkrfnv
pd| eh h{sodlqhg e| d vwurqj suhfdxwlrqdu| prwlyh1
Wkh pdlq txhvwlrq ri lqwhuhvw lq wklv sdshu lv zkhwkhu exhu vwrfn ehkdylru glhuv eh0
wzhhq zdu0 dqg shdfhwlph1 Wr whvw iru wklv/ zh ghfrpsrvh wkh vkrfn lqgh{ lqwr vkrfnv wkdw
rffxuuhg lq 4<<7 dqg vkrfnv wkdw rffxuuhg lq rwkhu |hduv1 Wkh uhvxowv lq froxpq 7 ri Wd0
eoh 9 vkrz wkdw fdwwoh vdohv zhuh ohvv uhvsrqvlyh wr vkrfnv lq 4<<7 wkdq wr vkrfnv lq rwkhu
|hduv1 Krzhyhu/ wkh uhvxowv ri Wdeoh : vkrz wkh rssrvlwh/ lqglfdwlqj wkdw/ lq frqwudvw zlwk
wkh shdfhwlph0|hduv/ lq 4<<7 fdwwoh vdohv zhuh sulpdulo| xvhg wr vprrwk frqvxpswlrq
￿
B
￿
1 Wklv
uhvxow iru 4<<7 lv rewdlqhg ghvslwh wkh edg whupv ri wudgh +fi1 Iljxuh 4, dqg wkh kljk ulvn
ri fdwwoh udlglqj rq wkh urdg1 Krzhyhu/ qrw doo krxvhkrogv zhuh htxdoo| wdujhwhg lq wkh ylr0
ohqfh1 Frqvhtxhqwo|/ vrph pljkw kdyh idfhg d kljkhu ulvn ri fdwwoh udlglqj wkdq rwkhuv1 Wr
whvw zkhwkhu odfn ri vdihw| suhyhqwhg wkh zdu0dhfwhg krxvhkrogv iurp vhoolqj fdwwoh/ zh glv0
djjuhjdwhg wkh vkrfn lqgh{ ri 4<<7 lqwr wzr frpsrqhqwv1 Wkh uvw frpsrqhqw lqfoxghv wkh
wzr prvw ylrohqw vkrfnv +krxvhkrog phpehuv nloohg dqg krxvh ghvwur|hg,/ zkloh wkh vhfrqg
fdswxuhv doo rwkhu vkrfnv wkdw rffxuuhg lq 4<<7
￿
1
￿
1 Wkh uhvxowv lq froxpq 8 ri erwk Wdeohv 9
dqg : lqglfdwh wkdw fdwwoh vdohv zhuh lqghhg qrw vljqlfdqwo| uhvsrqvlyh wr wkh prvw ylrohqw
vkrfnv ri 4<<7/ zkloh rwkhu ohvv ylrohqw 4<<7 vkrfnv glg wuljjhu r fdwwoh vdohv1 Wklv qglqj
lv lq olqh zlwk wkh hylghqfh suhvhqwhg lq vxevhfwlrq 717 wkdw rqo| rqh Wxwvl0khdghg krxvhkrog
vrog fdwwoh lq 4<<71
￿
￿
￿
Wkhvh uhvxowv shuvlvwv hyhq zkhq wkh vkrfn lqglfhv iru 4<<7 dqg iru rwkhu |hduv duh ixuwkhu ghfrpsrvhg
lqwr d frpprq dqg lglrv|qfudwlf sduw +dv lq froxpq 5,/ ru lqwr d whpsrudu| dqg shuvlvwhqw sduw +dv lq froxpq
6,1 Dv lq wkh suhylrxv uhjuhvvlrq rxwsxwv lq wdeoh :/ wkh fdwwoh vdoh uhvsrqvh lv rqo| vljqlfdqwo| uhvsrqvlyh wr
fryduldqw vkrfnv1 Wkhvh dgglwlrqdo uhjuhvvlrqv duh qrw uhsruwhg/ exw fdq eh rewdlqhg iurp wkh dxwkru xsrq
uhtxhvw1
￿
￿
￿
Zh frxog dovr kdyh glvdjjuhjdwhg wkh 4<<7 vkrfn lqgh{ lqwr vkrfnv dhfwlqj Wxwvl0khdghg krxvhkrogv
dqg vkrfnv dhfwlqj Kxwx0khdghg krxvhkrogv1 Krzhyhu/ vlqfh qr vlqjoh Wxwvl0khdghg krxvhkrog vrog fdwwoh lq
4<<7 lq h{fkdqjh iru irrg/ wkh frh!flhqw rq wklv sduw ri wkh vkrfn lqgh{ zdv qrw lghqwlhg1
59816 Zk| grq*w zh revhuyh fdwwoh vdohv e| wdujhwhg krxvhkrogvB
Zh hydoxdwh wkuhh glhuhqw h{sodqdwlrqv iru wkh qglqj wkdw krxvhkrogv wdujhwhg lq wkh
ylrohqfh glg qrw vhoo fdwwoh= +4, wkhvh krxvhkrogv zhuh wrr diudlg wr jr rq wkh urdg dqg vhoo
fdwwoh> +5, wkh| wulhg wr vhoo fdwwoh exw wkhlu fdwwoh zdv vwrohq ru orvw ehiruh wkh wudqvdfwlrq
frxog wdnh sodfh> +6, Wxwvl0khdghg krxvhkrogv zkr vrog fdwwoh gursshg rxw ri rxu vdpsoh1
Lq whupv ri wkh wkhruhwlfdo prgho wkh uvw wzr vfhqdulrv fdq eh glvwlqjxlvkhg1 Lq erwk
vfhqdulr*v/ wkh sdudphwhuv 
’
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￿ duh yhu| kljk iru wdujhwhg krxvhkrogv/ zkloh u
￿
￿
￿
￿
￿
lv yhu| orz1 Lq wkh uvw vfhqdulr wkh hhfw ri 
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￿ rxwzhljkv wkh frpelqhg hhfw ri u
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￿ 1 Frqvhtxhqwo|/ wkh krxvhkrog grhv qrw wu| wr vhoo fdwwoh dw w +ehfdxvh ri wkh ihdu
iru fdwwoh udlglqj dqg2ru iru wkhlu rzq olih,1 Lq wkh vhfrqg vfhqdulr wkh frpelqhg hhfw ri
u
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￿ dqg 
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￿ rxwzhljkv wkh hhfw ri 
’
￿ / dqg wkh krxvhkrog wulhv wr vhoo lwv fdwwoh dw
w1 Krzhyhu/ vlqfh 
’
￿ lv kljk/ wkh dfwxdo vhoolqj pd| qrw wdnh sodfh1 Wkhuhiruh/ hpslulfdoo|/
lw lv gl!fxow wr glvwlqjxlvk ehwzhhq wkh wzr vfhqdulrv1 Erwk vfhqdulr*v |lhog yhu| orz dfwxdo
fdwwoh vdohv dqg d yhu| kljk orvv ri fdwwoh1 Wkh qdo rxwfrph lv wkh vdph/ l1h1 fdwwoh vdohv
zhuh qrw dq hhfwlyh frslqj vwudwhj| iru wdujhwhg krxvhkrogv1
Dq dowhuqdwlyh zd| wr whvw zkhwkhu +wkh ulvn ri, fdwwoh udlglqj suhfoxghg fdwwoh vdohv lv wr
frpsduh fdwwoh vdohv lq wlphv ri ylrohqw frq lfw zlwk vdohv xsrq wkh rffxuuhqfh ri d olyhvwrfn
glvhdvh1 Lq erwk vlwxdwlrqv/ olyhvwrfn sulfhv dqg wkh h{shfwhg uhwxuq rq fdwwoh/ u
￿
(
￿
￿
￿ / duh
orz
￿
￿
1 Krzhyhu/ fdwwoh udlglqj lv h{shfwhg wr eh pxfk kljkhu gxulqj zduwlph wkdq gxulqj
shdfhwlph1 Frqvhtxhqwo|/ whvwlqj iru wkh glvvxdvlyh hhfw ri fdwwoh udlglqj xsrq olyhvwrfn
vdoh fdq eh grqh e| whvwlqj zkhwkhu fdwwoh vdohv zhuh pruh uhvsrqvlyh wr wkh ulvn ri fdwwoh
orvvhv gxh wr glvhdvh wkdq wr wkh ulvn ri fdwwoh orvvhv gxh wr udlglqj dqg orrwlqj1 Wkhvh ulvnv
fdq eh phdvxuhg e| uhjuhvvlqj wkh qxpehu ri fdwwoh orvvhv/ uhvshfwlyho| gxh wr d glvhdvh dqg
gxh wr ylrohqfh/ rq wkh ixoo vhw ri wlph0ydu|lqj frppxqh gxpplhv1 Wkh xqh{sodlqhg sduw ri
wkh fdwwoh orvvhv lv uhihuuhg wr dv wkh %lglrv|qfudwlf fdwwoh orvvhv% dqg wkh| duh wdnhq xs dv
frqwuro yduldeohv lq uhjuhvvlrq 91 Wkh uhvxowv lq froxpq 9 ri Wdeoh 9 vkrz wkdw/ lq frqwudvw
wr wkh ulvn ri udlglqj dqg orrwlqj/ wkh ulvn ri fdwwoh glvhdvh wuljjhuv r fdwwoh vdohv1
Dffruglqj wr rxu wklug h{sodqdwlrq/ wkh qglqj wkdw wdujhwhg krxvhkrogv glg qrw vhoo fdwwoh
xsrq vkrfnv lv gxh wr dwwulwlrq eldv1 Vlqfh zh rqo| lqwhuylhzhg wkh vxuylylqj krxvhkrogv wkdw
frxog eh wudfhg/ lw frxog lqghhg eh wkdw Wxwvl0khdghg krxvhkrogv zkr vrog fdwwoh gursshg rxw
ri wkh vdpsoh
￿
￿
1 Krzhyhu/ zh dujxh wkdw hyhq iru wkhvh krxvhkrogv vhoolqj fdwwoh zdv qrw dq
￿
￿
Lq rxu vdpsoh/ wkh fruuhodwlrq ehwzhhq wkh sulfh uhfhlyhg iru fdwwoh dqg wkh khdg ri fdwwoh orvw shu frppxqh
lq |hdu w lv kljko| qhjdwlyh dqg vljqlfdqw/ erwk iru orvvhv gxh wr olyhvwrfn glvhdvh dqg iru orvvhv gxh wr wkh
zdu ru gxh wr wkhiw1
￿
￿
Pruh irupdoo|/ qrq0udqgrp vhohfwlrq lv qrq0ljqrudeoh li lw ghshqgv rq wkh yduldeoh ri lqwhuhvw/ l1h1 fdwwoh
vdohv/ hyhq zkhq doorzlqj wkh vhohfwlrq suredelolw| wr ghshqg xsrq wkh revhuyhg h{sodqdwru| yduldeohv +vxfk
dv fdwwoh rzqhuvkls/ krxvhkrog frpsrvlwlrq dqg krxvhkrog vkrfnv,1 Wkxv/ wkh {hg hhfwv hvwlpdwru lv
lqfrqvlvwhqw li wkh idfw zkhwkhu d krxvhkrogv lv lq wkh vdpsoh ru qrw whoov xv vrphwklqj derxw wkh h{shfwhg
ydoxh ri wkh lglrv|qfudwlf huuruv/ %
Y
  lq htxdwlrq +9,1 Lq wkh IH0hvwlpdwru/ vdpsoh vhohfwlrq pd| krzhyhu
ghshqg xsrq wkh {hg krxvhkrog hhfw 
Y +Yhuehhn/ 5333> Zrrogulgjh/ 5335,1 Ohw ph foduli| wklv zlwk dq
h{dpsoh1 Vxssrvh wkdw wkh revhuyhg h{sodqdwru| yduldeohv gr qrw ixoo| fdswxuh ulvn dyhuvlrq ri wkh krxvhkrog/
dqg wkdw ulvn dyhuvlrq ydulhv ryhu wlph1 Li wkh ohdvw ulvn dyhuvh Wxwvl0khdghg krxvhkrogv lq 4<<7 kdg d kljkhu
surshqvlw| wr vhoo fdwwoh lq 4<<7 dv zhoo dv d kljkhu ulvn ri ehlqj ylfwlp ri wkh nloolqjv +h1j1 zkloh wu|lqj
5:hhfwlyh frslqj vwudwhj|1 Iurp h{fhoohqw vxuyh| zrun e| Sk1 Yhuzlps +5336, zh fdq ghulyh
wkdw wkdw dw ohdvw vl{ Wxwvl0khdghg krxvhkrogv zkr gursshg rxw ri wkh vdpsoh zhuh frpsohwho|
h{whuplqdwhg/ zkloh wkh uhpdlqlqj krxvhkrogv zkr gursshg rxw orvw vhyhudo phpehuv1 Lw lv
wkhuhiruh gl!fxow wr pdlqwdlq wkdw fdwwoh vdohv zhuh dq hhfwlyh frslqj vwudwhj| iru wkhvh
krxvhkrogv1
9 Fdwwoh sxufkdvh ehkdylru= iruzdug0orrnlqjB
Li krxvhkrogv exlow xs fdwwoh hvshfldoo| iru wkh sxusrvh ri ghdolqj zlwk vkrfnv/ krxvhkrogv
zrxog eh lqfolqhg wr vdyh lq wkh irup ri fdwwoh lq dqwlflsdwlrq ri vkrfnv +Fdpsehoo/ 4<;:/
Xgu|/ 4<<8,1 Whvwlqj iru vxfk iruzdug0orrnlqj ehkdylru lv qrw vwudljkwiruzdug1 Iluvw dqg
iruhprvw/ wkh whvw rqo| pdnhv vhqvh li zh dvvxph wkdw krxvhkrogv fdq iruhvhh ixwxuh vkrfnv
ru/ lq fdvh ri wkh exhu0vwrfn prgho iru suhfdxwlrqdu| vdylqjv/ lqfuhdvhg ixwxuh lqfrph ulvn1
Wklv pljkw eh wkh fdvh iru wkh xvxdo vhdvrqdo lqfrph  xfwxdwlrqv ru iru uhfxuuhqw shulrgv
ri gurxjkw ohdglqj wr d zlghvsuhdg idplqh +Fruehww/ 4<;;,1 Krzhyhu/ iru xqxvxdo hyhqwv
wklv dvvxpswlrq lv ohvv olnho|1 Vhfrqgo|/ dgyhuvh lqfrph vkrfnv lq shulrg w . 4 pljkw eh
hqgrjhqrxvo| ghwhuplqhg e| krxvhkrog vdylqjv lq suhylrxv shulrgv1 Iru h{dpsoh/ glvvdylqj
nh| surgxfwlyh dvvhwv pd| lqfuhdvh wkh h{srvxuh ri wkh krxvhkrog wr vkrfnv1 Dowhuqdwlyho|/
vdylqj dvvhwv pd| ghfuhdvh krxvhkrog h{shqglwxuh iru d ydulhw| ri djulfxowxudo lqsxwv/ srvvleo|
uhgxflqj krxvhkrog surwhfwlrq djdlqvw furs vkrfnv +Xgu|/ 4<<8,1
Zlwk wkhvh uhvhuydwlrqv lq plqg/ zh whvw iru iruzdug0orrnlqj fdwwoh sxufkdvh ehkdylru
e| uhjuhvvlqj fdwwoh sxufkdvhv lq |hdu w rq wkh vkrfn lqglfhv ri |hdu w dqg w . 41 Wkh
uhvxowv duh suhvhqwhg lq Wdeoh D5 lq wkh Dsshqgl{1 Lq froxpqv 4 wr 6 qrqh ri wkh hvwlpdwhg
frh!flhqwv ri wkh vkrfn lqglfhv duh vljqlfdqwo| glhuhqw iurp }hur1 Vr/ wkhuh lv qr lqglfdwlrq
iru wkh dffxpxodwlrq ri fdwwoh lq |hduv zlwk uhodwlyho| ihz dgyhuvh lqfrph vkrfnv/ ru iru
iruzdug0orrnlqj fdwwoh sxufkdvhv1 Lq froxpqv 7 dqg 8 wklv qglqj krogv iru shdfhwlph vkrfnv1
Krzhyhu/ wkh uhvxowv lq froxpqv 7 dqg 8 vxjjhvw wkdw krxvhkrogv klw e| vkrfnv lq 4<<7
dffxpxodwhg fdwwoh lq wkh |hdu sulru wr wkh jhqrflgh1
Wklv odwwhu uhvxow frxog eh lqwhusuhwhg lq glhuhqw zd|v1 Lw fdq eh dujxhg wkdw lq 4<<6
wkhvh krxvhkrogv dqwlflsdwhg srolwlfdo xquhvw dqg erxjkw fdwwoh dv d irup ri vhoi0lqvxudqfh1
Uzdqgd kdv lqghhg d orqj klvwru| ri ylrohqw rxwexuvwv dqg whqvlrq zdv ulvlqj vlqfh 4<<3
zlwk wkh lqydvlrq ri wkh USI lq wkh Qruwk ri wkh frxqwu| dqg vsrudglf dwwdfnv rq Wxwvl
wr vhoo wkhlu fdwwoh, ru/ dowhuqdwlyho|/ vxffhvvixoo|  hh iurp wkh ylrohqfh/ wkh huuru whup %
Y
  lq htxdwlrq zloo
eh fruuhodwhg zlwk wkh krxvhkrogv* vhohfwlrq lqwr wkh vdpsoh dqg wkh uhvxowv zloo eh eldvhg1 Lq wklv fdvh/ wkh
lqihuhqfh pdgh deryh/ l1h1 wkdw Wxwvl0khdghg krxvhkrogv glg qrw vhoo fdwwoh lq 4<<7/ pd| eh lqfruuhfw1 Irupdoo|/
dvvxph wkdw wkh vhohfwlrq lqglfdwru u
Y
  fdq eh h{sodlqhg e| d udqgrp hhfwv surelw prgho/ u
￿
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  dqg {
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  1 Iru
frqvlvwhqf| ri wkh {hg hhfwv hvwlpdwru/ lw lv uhtxluhg wkdw fry tf%
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   ' f/ zlwk f dq dssursuldwh vfdolqj
idfwru iru wudqviruplqj wkh glvwulexwlrq ri %
Y
  iurp d vwdqgdug orjlvwlf wr d vwdqgdug qrupdo glvwulexwlrq1 Lq
wkhru| wklv fdq eh whvwhg/ exw lq rxu fdvh lqirupdwlrq wr whvw irupdoo| iru dwwulwlrq eldv lv odfnlqj1 Iluvw dqg
iruhprvw/ iru wkh krxvhkrogv wkdw gursshg rxw/ wkh yduldeohv ri wkh yhfwruv v
Y
  dqg {
Y
  duh rqo| revhuyhg iru
w ' bbf1 Vhfrqg/ iru wkh uhiuhvkphqw vdpsoh/ t
Y
  lv qrw revhuyhg iru w ' bbf=Ilqdoo|/ u
Y
  lv rqo| revhuyhg iru
w@4<<3 dqg w@5335/ qrw iru wkh |hduv lq ehwzhhq1
5;zlwklq Uzdqgd
￿
P
￿
1 Qhlwkhu fdq wkh srvvlelolw| wkdw wkh vkrfnv ri 4<<7 zhuh hqgrjhqrxvo|
ghwhuplqhg e| fdwwoh dffxpxodwlrq lq 4<<6 eh h{foxghg1 Iru h{dpsoh/ krxvhkrogv zkr zhuh
deoh wr dffxpxodwh zhdowk lq wkh |hdu suhfhglqj wkh hwkqlf ylrohqfh pd| kdyh ehhq pruh
h{srvhg wr +hqy|0gulyhq, dvvdxowv1 Wklv lv lq olqh zlwk wkh hylghqfh suhvhqwhg e| Dqguì dqg
Sodwwhdx +4<<;, rq wkh hfrqrplf suroh ri wkh ylfwlpv ri wkh 4<<7 hyhqwv1 Dowhuqdwlyho|/ forvh
olqnv zlwk wkh orfdo dxwkrulwlhv sulru wr wkh jhqrflgh pd| kdyh erwk hqdeohg krxvhkrogv wr
dffxpxodwh zhdowk dqg lqfuhdvhg wkhlu lqyroyhphqw lq wkh jhqrflgh +iru dq hfrqrplf suroh
ri wkh shushwudwruv ri wkh jhqrflgh/ fi1 Yhuzlps/ 5338,1 Ilqdoo|/ d ydulhw| ri flufxpvwdqfhv/
xquhodwhg wr wkh rxweuhdn ri ylrohqfh/ frxog kdyh prwlydwhg krxvhkrogv wr sxufkdvh fdwwoh
lq 4<<61 Wkh revhuyhg fdwwoh sxufkdvhv pd| hyhq kdyh rffxuuhg ghvslwh ryhudoo glvvdylqj ri
dvvhwv1 Odfn ri lqirupdwlrq rq rwkhu dvvhwv dqg wkh uhdvrqv iru wkh fdwwoh sxufkdvhv suhyhqw
xv iurp glvwlqjxlvklqj ehwzhhq wkhvh glhuhqw srvvleoh vfhqdulrv1
: Dydlodeoh gdwd dqg k|srwkhvlv whvw iru vpdoo olyhvwrfn
Wkh dydlodeoh gdwd rq rzqhuvkls ri vpdoo olyhvwrfn lv olplwhg wr 53351 Lq wkdw |hdu/ wkh
krxvhkrogv lq wkh vdpsoh rzqhg rq dyhudjh 31;6 jrdwv/ 314< vkhhs dqg 3156 sljv +frpsduhg
wr 31:: khdg ri fdwwoh,/ dqg wkhvh dqlpdov zhuh glvwulexwhg dprqj vhyhqw| shufhqw ri wkh
krxvhkrogv +frpsduhg wr 68( iru fdwwoh,1 Gdwd rq wkh wudqvdfwlrqv ri vpdoo olyhvwrfn lv dovr
vfdufh1 Frqwudu| wr fdwwoh wudqvdfwlrqv/ wudqvdfwlrqv ri vpdoo olyhvwrfn pd| eh kdug wr uhfdoo
e| krxvhkrogv/ qrw rqo| ehfdxvh vpdoo olyhvwrfn kdv pxfk ohvv ydoxh +erwk lq prqhwdu| dqg
qrq0prqhwdu| whupv,/ exw dovr ehfdxvh wkhvh wudqvdfwlrqv duh pxfk pruh iuhtxhqw1 Krzhyhu/
wkhuh lv rqh w|sh ri wudqvdfwlrq ri vpdoo olyhvwrfn wkdw lv ohvv olnho| wr vols rqh*v plqg= glvwuhvv
vdohv lq rughu wr ex| irrg1
Gxulqj wkh lqwhuylhzv lq 5335/ wkh krxvhkrogv zhuh dvnhg wr lqglfdwh wklv w|sh ri vdohv
rq d wlpholqh1 Lq wrwdo/ ryhu wkh shulrg 4<<405334/ 444 glvwuhvv vdohv ri vpdoo olyhvwrfn zhuh
uhsruwhg1 Lq 4<<7/ rqo| : glvwuhvv vdohv zhuh uhsruwhg1 Lq frqwudvw/ zh irxqg 5: glvwuhvv vdohv
ri fdwwoh ryhu wkh shulrg 4<<405334 +Wdeoh 7,/ ri zklfk 45 rffxuuhg lq 4<<71 Wkhvh gdwd
vxjjhvw wkdw/ lq shdfhwlph/ glvwuhvv vdohv ri vpdoo olyhvwrfn rxwqxpehuhg glvwuhvv fdwwoh vdohv/
zkloh wkh uhyhuvh zrxog krog iru zduwlph1 Wzr dujxphqwv pd| vxssruw wklv qglqj1 Iluvw/
wkh vkrfnv ri zduwlph pd| kdyh ehhq vr vhyhuh dqg zlghvsuhdg wkdw glvwuhvv fdwwoh vdohv
zhuh d odvw uhvruw iru krxvhkrogv/ zkhuhdv lq shdfhwlph/ ohvv gudvwlf phdvxuhv/ vxfk dv vhoolqj
vpdoo olyhvwrfn/ pd| kdyh ehhq pruh dssursuldwh1 Vhfrqg/ lq zduwlph krxvhkrogv pljkw kdyh
vodxjkwhuhg vpdoo olyhvwrfn iru wkhlu phdw lqvwhdg ri vhoolqj lw1 Wklv pd| qrw kdyh ehhq dq
rswlrq iru fdwwoh/ dv uxudo krxvhkrogv lq Uzdqgd gr qrw kdyh dq| phdqv wr frqvhuyh phdw
iru pruh wkdq d frxsoh ri gd|v1
Zh eulh | phqwlrq wkh uhvxowv rewdlqhg zkhq wdnlqj glvwuhvv vdohv ri vpdoo olyhvwrfn dv wkh
￿
￿
￿
Dgplwwhgo|/ fdwwoh zdv suredeo| rqh ri wkh prvw ulvn| dvvhwv wr kdyh lq 4<<7/ vr h{ srvw lw pd| qrw kdyh
ehhq d jrrg dvvhw wr exlow xs sulru wr wkh jhqrflgh1 Krzhyhu/ dowkrxjk uxudo krxvhkrogv frxog kdyh dqwlflsdwhg
srolwlfdo xquhvw/ lw lv kljko| ghedwdeoh zkhwkhu wkh| frxog kdyh iruhvhhq wkh vfdoh ri wkh ylrohqfh lq 4<<71
5<ghshqghqw elqdu| yduldeoh lq wkh uhjuhvvlrq dqdo|vlv dqg frpsduh wkhp zlwk wkh uhvxowv iru
fdwwoh vdohv lq h{fkdqjh iru irrg +Wdeoh :,1 Lq erwk fdvhv zh xvh wkh vdph frqwuro yduldeohv/
dowkrxjk wkh fdwwoh vwrfn dqg wkh fdwwoh wudqvdfwlrqv pljkw eh ohvv dssursuldwh lq wkh fdvh
ri vpdoo olyhvwrfn vdohv1 Lqvwhdg ri xvlqj wkh furvv0whup ehwzhhq v
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Wdeoh D6 lq wkh Dsshqgl{ vkrzv wkdw vpdoo olyhvwrfn vdohv zhuh uhvsrqvlyh wr dgyhuvh lqfrph
vkrfnv +froxpq 4,1 Uhjuhvvlrq 5 vxjjhvwv wkdw erwk fryduldqw dqg lglrv|qfudwlf vkrfnv wuljjhu
r glvwuhvv vdohv ri vpdoo olyhvwrfn1 Iru fdwwoh/ wklv zdv rqo| wkh fdvh iru fryduldqw vkrfnv1
Uhjuhvvlrq 6 vkrzv d kljkhu uhvsrqvlyhqhvv ri vpdoo olyhvwrfn vdohv wr shuvlvwhqw vkrfnv wkdq
wr whpsrudu| vkrfnv/ zklfk lv dovr lq wkh olqh ri wkh fdwwoh vdoh uhvxowv1 Wr wkh frqwudu|/
xqolnh iru fdwwoh/ wkh vkrfnv lq 4<<7 glg qrw wuljjhu r vpdoo olyhvwrfn vdohv/ d qglqj lq olqh
zlwk wkh ghvfulswlyh gdwd dqg wkh dujxphqwv suhvhqwhg deryh1 Ilqdoo|/ uhjuhvvlrq +9, lq Wdeoh
D6 lqglfdwhv wkdw vpdoo olyhvwrfn vdohv zhuh uhvsrqvlyh wr wkh ulvn ri orvlqj fdwwoh ehfdxvh
ri d olyhvwrfn glvhdvh1 Wklv uhvxow uh hfwv wkh uhjxodu rxweuhdnv ri wkh kljko| frqwdjlrxv
irrw0dqg0prxwk glvhdvh dprqj foryhq0krrihg dqlpdov/ vxfk dv fdwwoh/ vkhhs dqg jrdwv1
; Frqfoxvlrq
Wkh txhvwlrq dgguhvvhg lq wklv sdshu lv zkhwkhu uxudo Uzdqgdq krxvhkrogv xvhg fdwwoh vdohv
wr frsh zlwk dgyhuvh lqfrph vkrfnv lq wkh shulrg 4<<4053341 Vshfldo dwwhqwlrq lv ghyrwhg wr
fdwwoh vdoh ehkdylru lq 4<<7/ d |hdu ri h{wuhph ylrohqfh lq Uzdqgd1 Gxulqj ylrohqw frq lfw lw
lv olnho| wkdw olyhvwrfn sulfhv soxpphw dqg wkdw wkh ulvn ri fdwwoh udlglqj rq wkh urdg lv kljk1
Erwk wkhvh hohphqwv pd| glvfrxudjh krxvhkrogv wr xvh fdwwoh dv d exhu0vwrfn1 Krzhyhu/
frqfxuuhqwo|/ rwkhu frslqj vwudwhjlhv pd| eh htxdoo| xqghu vwuhvv/ ixwxuh fdwwoh udlglqj pd|
eh kljk dqg h{shfwhg olyhvwrfn uhwxuqv pd| eh yhu| orz/ fhuwdlqo| li krxvhkrogv dqwlflsdwh
wkh qhhg wr  hh iurp wkh ylrohqfh1 Wkhuhiruh/ d sulrul/ lw lv xqfohdu li fdwwoh vdohv zloo eh
uhvsrqvlyh wr dgyhuvh lqfrph vkrfnv lq zduwlph1
Wkh hpslulfdo dqdo|vlv ri wklv sdshu xvhv gdwd rq 58; uxudo Uzdqgdq krxvhkrogv1 Wkh
gdwd vkrz wkdw wkh krxvhkrogv idfhg pxowlsoh dgyhuvh lqfrph vkrfnv gxulqj wkh shulrg 4<<40
53341 Wkh vkrfn lqgh{ shdnv lq 4<<7 ehfdxvh d odujh qxpehu ri wkh krxvhkrogv lq rxu
vdpsoh zhuh vhyhuho| dhfwhg e| wkh zdu dqg wkh jhqrflgh1 Dssur{lpdwho| rqh wklug ri wkh
krxvhkrogv lq wkh vdpsoh rzqhg fdwwoh1 Wkh dqdo|vlv ri wkh khug vl}h ryhu wlph lqglfdwhv wkdw
lq 4<<7 doprvw 83 shufhqw ri wkh fdwwoh vwrfn zdv orvw1 Wkh iuhtxhqf| ri fdwwoh vdohv ryhu wkh
shulrg 4<<405334 zdv orz/ vxjjhvwlqj wkdw lq jhqhudo wkhvh krxvhkrogv duh xqzloolqj wr vhoo
fdwwoh1 Krzhyhu/ lw lv qrwhzruwk| wkdw wkh qxpehu ri fdwwoh vrog lq 4<<7 zdv doprvw grxeoh
wkh dqqxdo dyhudjh shdfhwlph vdohv1 Ixuwkhupruh/ 7717 shufhqw ri wkh fdwwoh vrog lq 4<<7 zdv
iru wkh sxusrvh ri sxufkdvlqj irrg/ frpsduhg wr rqo| 4419 shufhqw ri wkh fdwwoh vdohv lq rwkhu
|hduv1 Orrnlqj dw fdwwoh sulfhv/ zh qrwlfh d vkdus gurs lq 4<<71 D qdo vwulnlqj qglqj iru
4<<7 lv wkh odfn ri fdwwoh vdohv dv dq h{0dqwh vwudwhj| +wr jhg ulg ri ylvleoh zhdowk, ru dq
h{0srvw vwudwhj| +wr vprrwk frqvxpswlrq,/e| Wxwvl0khdghg krxvhkrogv1
Wkh uhjuhvvlrq dqdo|vlv vkrzv wkdw xsrq wkh rffxuuhqfh ri d fryduldqw dgyhuvh lqfrph
63vkrfn/ wkh suredelolw| ri vhoolqj fdwwoh lqfuhdvhv1 Wklv suredelolw| lv vwurqjhu lq shdfhwlph
wkdq lq zduwlph1 Krzhyhu/ wkh shdfhwlph vdohv duh odujho| prwlydwhg e| vkliwv lq wkh dvvhw
frpsrvlwlrq1 Zkhq orrnlqj rqo| dw fdwwoh vdohv lq h{fkdqjh iru irrg/ wkh zduwlph uhvsrqvh lv
vwurqjhu wkdq wkh shdfhwlph uhvsrqvh/ lqglfdwlqj wkdw Uzdqgdq uxudo krxvhkrogv xvhg fdwwoh
vdohv dv d exhu lq uhvsrqvh wr wkh xqxvxdo dqg vhyhuh fryduldqw vkrfnv ri 4<<71 Krzhyhu/ wklv
irup ri zduwlph vhoi0lqvxudqfh lv xqolnho| wr kdyh ehhq hhfwlyh iru vprrwklqj frqvxpswlrq/
ehfdxvh wkh fdwwoh sulfh zdv h{wuhpho| orz lq 4<<7 zkloh irrg sulfhv vrduhg1 Pruhryhu/ wkh
uhjuhvvlrq dqdo|vlv ghprqvwudwhg wkdw krxvhkrogv zkr zhuh wdujhwhg lq wkh ylrohqfh dqg prvw
vhyhuho| klw e| zdu0uhodwhg vkrfnv glg qrw uhvsrqg zlwk fdwwoh vdohv1 Zh dujxh wkdw odfn ri
vdihw| suhyhqwhg wkhvh krxvhkrogv iurp vhoolqj fdwwoh= hlwkhu wkh| zhuh wrr diudlg wr jr rq
wkh urdg wr vhoo fdwwoh/ ru wkhlu fdwwoh zdv vwrohq ehiruh lw frxog eh vrog1
Wkhvh uhvxowv qhhg wr eh txdolhg ehfdxvh wkh dydlodeoh gdwd rq dgyhuvh lqfrph vkrfnv
dqg fdwwoh wudqvdfwlrqv duh uhwurvshfwlyh |hduo| gdwd1 Ixuwkhupruh/ zh frxog rqo| vwxg| wkh
fdwwoh0vdoh ehkdylru ri vxuylylqj krxvhkrogv dqg krxvhkrogv wkdw frxog eh wudfhg1 Zh fdqqrw
h{foxgh wkh srvvlelolw| wkdw Wxwvl0khdghg krxvhkrogv zkr gursshg rxw ri wkh vdpsoh wulhg wr
vhoo fdwwoh1 Krzhyhu/ hyhq li wkh| glg/ zh dujxh wkdw fdwwoh vdohv zhuh qrw dq hhfwlyh frslqj
vwudwhj|1 Wkh dujxphqw lv edvhg rq wkh idfw wkdw wkh ydvw pdmrulw| ri Wxwvl0khdghg krxvhkrogv
wkdw gursshg rxw zhuh frpsohwho| h{whuplqdwhg ru orvw vhyhudo krxvhkrog phpehuv1 Ilqdoo|/
wkh uhvxow wkdw fdwwoh vdohv idlohg dv d frslqj vwudwhj| iru wkh krxvhkrogv wdujhwhg pd| qrw
eh jhqhudol}hg wr rwkhu pdvvlyh vkrfnv1 Lw pd| eh dssolfdeoh rqo| lq vrflhwlhv zkhuh fdwwoh
duh shufhlyhg dv dq lpsruwdqw zdu wursk|/ ru pruhryhu 0 dv lq wkh Uzdqgdq sv|fkh 0 duh
dvvrfldwhg zlwk wkh hwkqlf lghqwlw| ri wkh wdujhwhg srsxodwlrq1
Dfnqrzohgjphqwv
L*p judwhixo wr Gdqlho Dol/ Pdqxho Duhoodqr/ Ndwkohhq Ehhjoh/ Orgh Ehuodjh/ Vwhidq Ghufrq/
Jhhuw Gkdhqh/ Urpdlq Krxvvd/ Vrq|d Nuxwlnry/ Dqg| PfNd|/ Sdeor Urylud Ndowzdvvhu dqg
Mr Vzlqqhq iru yhu| khosixo frpphqwv1 L dovr uhfhlyhg ydoxdeoh lqsxw iurp sduwlflsdqwv dw
frqihuhqfhv dqg vhplqduv dw IXQGS lq Qdpxu/ Fruqhoo Xqlyhuvlw| dqg R{irug Xqlyhuvlw|1
Ilhog uhvhdufk zdv pdgh srvvleoh e| ixqglqj iurp GJRV +Ehojldq Jhqhudo Gluhfwlrq ri Gh0
yhorsphqw Dvvlvwdqfh, dqg YOLU +Iohplvk Lqwhuxqlyhuvlw| Frxqflo,1 Doo huuruv dqg rslqlrqv
h{suhvvhg uhpdlq p| rzq1
64Dsshqgl{
Wdeoh D4= Frpsdulvrq ehwzhhq wkh fkdudfwhulvwlfv ri wkh ixoo vdpsoh ri 58; krxvhkrogv/ wkh ;6
krxvhkrogv lqfoxghg lq wkh {hg0hhfwv prgho ri wdeoh 9/ dqg wkh 55 krxvhkrogv lqfoxghg lq wkh
{hg0hhfwv prgho ri wdeoh :1 Wkh yduldeohv* phdq ydoxh iru wkh 430|hdu shulrgv 4<<505334 +
￿ , ru
4<<405333 +
￿
&
￿ , duh uhsruwhg
Q@58;3 Q@;63 Q@553
Vkrfn lqgh{ +w,
R 3158 3156 3158
Frpprq frpsrqhqw ri vkrfn lqgh{ +w, 316< 3168 316:
Lglrv|qfudwlf frpsrqhqw ri vkrfn lqgh{ +w, 3173 3173 3173
Shuvlvwhqw frpsrqhqw ri vkrfn lqgh{ +w, 3156 3153 3154
Whpsrudu| frpsrqhqw ri vkrfn lqgh{ +w, 3145 3145 3146
Vkrfn lqgh{ iru 4<<7 +w,
U 3166 3166 3166
Vkrfn lqgh{ iru rwkhu |hduv +w,
V 3157 314; 3157
Kljko| ylrohqw frpsrqhqw ri *<7 vkrfn lqgh{ +w,
U 314< 314: 313:
Rwkhu frpsrqhqwv ri *<7 vkrfn lqgh{ +w,
U 3179 317: 3187
Frpprq frpsrqhqw ri fdwwoh orvw 3139 3139 3136
gxh wr ylrohqfh +w,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh orvw 3138 3138 3138
gxh wr ylrohqfh +w,
Frpprq frpsrqhqw ri fdwwoh orvw 3136 3136 3137
gxh wr rwkhu fdxvh +w,
Lglrv|qfudwlf frpsrqhqw ri fdwwoh orvw 3136 3138 3138
gxh wr rwkhu fdxvh +w,
Fdwwoh orvw gxh wr ylrohqfh +w, 3139 3139 3138
Fdwwoh orvw gxh wr rwkhu fdxvh +w, 3136 3138 3138
Fdwwoh eruq +w, 3138 313< 3143
Fdwwoh uhfhlyhg +w, 3135 3137 3138
Fdwwoh jlyhq +w, 3135 3137 3139
Fdwwoh vwrfn +w04, 31;7 41;6 41;3
Vtxduhg fdwwoh vwrfn +w04, 61:; ;168 8163
Fdwwoh orvw +w04, 313< 3144 3143
Fdwwoh eruq +w04, 3137 313; 313<
Fdwwoh uhfhlyhg +w04, 3135 3137 3138
Fdwwoh jlyhq +w04, 3134 3136 3138
Odqg vl}h +w04, 31;5 4144 414;
Fkloguhq +w04, 5177 51;6 516;
Zrphq +w04, 4173 418: 417;
Phq +w04, 4145 415< 4166
Hoghuv +w04, 3149 314; 3167
Wxwvl0khdghg +(, 551<9( 531:6( 7188(
R
Doo wkh vkrfn lqglfhv duh qrupdol}hg wr w wkh lqwhuydo ^3/4`
U Phdq dqg yduldqfh iru 4<<71
V Phdq dqg yduldqfh iru 4<<405334/ ehvlghv 4<<71
65Wdeoh D5= Il{hg hhfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri fdwwoh sxufkdvhv xsrq fxuuhqw +
￿ , dqg
ixwxuh +
￿
Z
￿
[
￿ , dgyhuvh lqfrph vkrfnv
4 5 6 7 8
Vkrfn lqgh{ +w, 3135
+31<;3,
Vkrfn lqgh{ +w.4, 31:5
+31665,
Lglrv|qfudwlf frpsrqhqw ri 31;6
vkrfn lqgh{ +w, +316<<,
Lglrv|qfudwlf frpsrqhqw ri 3169
vkrfn lqgh{ +w.4, +31:35,
Frpprq frpsrqhqw ri 04139
vkrfn lqgh{ +w, +3167;,
Frpprq frpsrqhqw ri 418;
vkrfn lqgh{ +w.4, +31495,
Whpsrudu| frpsrqhqw ri 418<
vkrfn lqgh{ +w, +31546,
Whpsrudu| frpsrqhqw ri 03163
vkrfn lqgh{ +w.4, +31;35,
Shuvlvwhqw frpsrqhqw ri 04197
vkrfn lqgh{ +w, +314:6,
Shuvlvwhqw frpsrqhqw ri 4193
vkrfn lqgh{ +w.4, +3147;,
Vkrfn lqgh{ iru 4<<7 +w, 3154
+31;::,
Vkrfn lqgh{ iru 4<<7 +w.4, 41<7
+31383,
Vkrfn lqgh{ iru rwkhu |hduv +w, 318< 3195
+317;7, +317:9,
Vkrfn lqgh{ iru rwkhu |hduv +w.4, 313: 313;
+31<5<, +31<54,
Kljko| ylrohqw frpsrqhqw ri 031<5
vkrfn lqgh{ lq 4<<7 +w, +31989,
Kljko| ylrohqw frpsrqhqw ri 031;7
vkrfn lqgh{ lq 4<<7 +w.4, +318<;,
Rwkhu frpsrqhqwv ri 3156
vkrfn lqgh{ lq 4<<7 +w, +31;37,
Rwkhu frpsrqhqwv ri 4184
vkrfn lqgh{ lq 4<<7 +w.4, +31385,
Fdwwoh vwrfn +w04, 0314< 03153 03147 0314< 03156
+31688, +31669, +31837, +31683, +315:6,
Vtxduhg fdwwoh vwrfn +w04, 03136 03136 03137 03136 03135
+31669, +3168;, +31559, +315:;, +31779,
Fkl0vtxduhg vwdwlvwlf 661:4 681:6 69178 691:: 6:146
Ohyho ri vljqlfdqfh 31347 3134: 31347 31346 31356
Qxpehu ri revhuydwlrqv
4 846 846 846 846 846
Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh
eruq +w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu
ri fkloguhq +w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,>
R
8: krxvhkrogv/ < |hduv1
66Wdeoh D6= Il{hg hhfwv orjlw hvwlpdwhv ri wkh ghwhuplqdqwv ri vpdoo olyhvwrfn vdohv lq h{fkdqjh iru
irrg
4 5 6 7 8 9
Vkrfn lqgh{ +w, 51<: 51<7
+31334, +31334,
Lglrv|qfudwlf frpsrqhqw ri 5194
vkrfn lqgh{ +w, +31356,
Frpprq frpsrqhqw ri 617<
vkrfn lqgh{ +w, +31345,
Whpsrudu| frpsrqhqw ri 41<6
vkrfn lqgh{ +w, +314;6,
Shuvlvwhqw frpsrqhqw ri 5167
vkrfn lqgh{ +w, +3136:,
Vkrfn lqgh{ iru 4<<7 +w, 3183
+31:;5,
Vkrfn lqgh{ iru rwkhu |hduv +w, 6176 6173
+31333, +31333,
Kljko| ylrohqw frpsrqhqw ri 0319;
vkrfn lqgh{ lq 4<<7 +w, +319;<,
Rwkhu frpsrqhqwv ri 317;
vkrfn lqgh{ lq 4<<7 +w, +31:78,
Frpprq frpsrqhqw ri fdwwoh 0613<
orvw gxh wr ylrohqfh +w, +31469,
Lglrv|qfudwlf frpsrqhqw ri 06:19
fdwwoh orvw gxh wr ylrohqfh +w, +41333,
Frpprq frpsrqhqw ri fdwwoh 9169
orvw gxh wr rwkhu fdxvh +w, +31369,
Lglrv|qfudwlf frpsrqhqw fdwwoh 03167
orvw gxh wr rwkhu fdxvh +w, +31:73,
Fdwwoh orvw gxh wr ylrohqfh +w, 06518 06717 06517 06819 06:13
+41333, +41333, +41333, +41333, +41333,
Fdwwoh orvw gxh wr rwkhu fdxvh +w, 3147 3145 314< 3156 315<
+31;:4, +31;;:, +31;64, +31;35, +31:84,
Fdwwoh vwrfn +w04, 4138 4134 4137 31<8 31<6 31<9
+31344, +3134:, +31347, +31359, +3135;, +31354,
Vtxduhg fdwwoh vwrfn +w04, 0313; 0313; 0313; 0313: 0313: 0313:
+31468, +3147:, +31479, +31546, +3154<, +31555,
Fkl0vtxduhg vwdwlvwlf 6516< 65196 65183 69167 69185 6;1:6
Ohyho ri vljqlfdqfh 31347 3134< 3134< 31339 3133< 31338
Qxpehu ri revhuydwlrqv 743 743 743 743 743 743
Qrwhv= s0ydoxh ehwzhhq eudfnhwv> frqwuro yduldeohv lqfoxghg wkrxjk qrw uhsruwhg duh= fdwwoh eruq
+w dqg w04,/ fdwwoh uhfhlyhg +w dqg w04,/ fdwwoh jlyhq +w dqg w04,/ odqg vl}h +w04,/ qxpehu ri fkloguhq
+w04,/ qxpehu ri zrphq +w04,/ qxpehu ri phq +w04, dqg qxpehu ri hoghuv +w04,1
67Uhihuhqfhv
^4` Diulfd Gdwd Glvvhplqdwlrq Vhuylfh +DGGV,/ udlqidoo gdwd 4<<;05334/ IHZV QHW1
^5` Doghupdq/ K1 4<<91 Vdylqj dqg hfrqrplf vkrfnv lq uxudo Sdnlvwdq1 Mrxuqdo ri Ghyho0
rsphqw Hfrqrplfv1 84= 67606981
^6` Dqghuvrq/ G1 4<;91 %Vwrfn wkhiw dqg prudo hfrqrp| lq frorqldo Nhq|d%1 Diulfd/ 89=
63<7491
^7` Dqguì F1/ dqg M1S1 Sodwwhdx1 4<<;1 %Odqg Uhodwlrqv Xqghu Xqehdudeoh Vwuhvv= Uzdqgd
Fdxjkw lq wkh Pdowkxvldq Wuds%1 Mrxuqdo ri Hfrqrplf Ehkdylru dqg Rujdql}dwlrq=
67+4,= 407:1
^8` Dvidz/ Ded| dqg Yrq Eudxp/ Mrdfklp1 53371 Lv Frqvxpswlrq Lqvxuhg djdlqvw LooqhvvB
Hylghqfh rq Yxoqhudelolw| ri Krxvhkrogv wr Khdowk Vkrfnv lq Uxudo Hwklrsld1 Hfrqrplf
Ghyhorsphqw dqg Fxowxudo Fkdqjh 86 +4,= 448045<1
^9` Eduuhw/ Fk1/ Fkdedul/ I1/ Yrq Edloh|/ G1/ Olwwoh/ S1 G1/ dqg Frssrfn/ G1O1 53361 Olyh0
vwrfn sulflqj lq wkh Qruwkhuq Nhq|dq Udqjhodqgv1 Mrxuqdo ri Diulfdq Hfrqrplhv 45+5,=
45:04881
^:` Eoduho/ Ehqrlw/ Shwhu Kd}hoo/ Iudqn Sod}h/ dqg Mrkq Txljjlq1 4<<51 Wkh hfrqrplfv ri
idup iudjphqwdwlrq= hylghqfh iurp Jkdqd dqg Uzdqgd1 Wkh Zruog Edqn Hfrqrplf
Uhylhz 9+5,= 56605871
^;` Eruwrq/ Mrkq/ Hphu| Euxvvhw/ Dolvwdlu Kdoodp/ hw do1 +4<<9, Wkh Lqwhuqdwlrqdo Uhvsrqvh
wr Frq lfw dqg Jhqrflgh= Ohvvrqv iurp wkh Uzdqgd H{shulhqfh/ Vwxg| LLL= Kxpdql0
wduldq Dlg dqg Hhfwv/ Vwhhulqj Frpplwwhh ri wkh Mrlqw Hydoxdwlrq ri Hphujhqf| Dv0
vlvwdqfh wr Uzdqgd/ Frshqkdjhq1
^<` Exnxuxux/ V1 4<<91 %Frpedwlqj fulph dprqj wkh Vxnxpd dqg Q|dpzh}l ri zhvw0fhqwudo
Wdq}dqld%1 Fulph/ Odz dqg Vrfldo Fkdqjh/ 57+6,/ 58:5991
^43` Fdpsehoo/ M1 \1 4<;:1 Grhv vdylqj dqwlflsdwh ghfolqlqj oderu lqfrphB Dq dowhuqdwlyh
whvw ri wkh shupdqhqw lqfrph k|srwkhvlv%1 Hfrqrphwulfd/ 88+9,2 457<045:61
^44` Fod|/ G1F1 4<<91 %Iljkwlqj dq Xskloo Edwwoh= Srsxodwlrq Suhvvxuh dqg Ghfolqlqj Odqg
Surgxfwlylw| lq Uzdqgd1% PVX Lqwhuqdwlrqdo Ghyhorsphqw Zrunlqj Sdshu 8;/ Plfkljdq
Vwdwh Xqlyhuvlw|/ Ghsduwphqw ri Djulfxowxudo Hfrqrplfv1
^45` Fod|/ Gdqlho F1/ Wkìredog Ndpsd|dqd dqg Mhdq Nd|lwvlqjd1 4<<:1 %Lqhtxdolw| dqg wkh
Hphujhqfh ri Qrqidup Hpsor|phqw lq Uzdqgd1% Lq Fkdqjlqj Uxudo Vrfldo V|vwhpv=
Dgdswdwlrq dqg Vxuylydo1 Hgv1 Qdq H1 Mrkqvrq dqg Fklqj0ol Zdqj1 Hdvw Odqvlqj= Plfkl0
jdq Vwdwh Xqlyhuvlw| Suhvv1
68^46` Fod|/ G1F1/ W1 Uhdugrq/ Y1 Nhoo|/ dqg H1 Ps|lvl1 53351 Lqsxw Xvh dqg Frqvhuyd0
wlrq Lqyhvwphqwv dprqj Idup Krxvhkrogv lq Uzdqgd= sdwwhuqv dqg ghwhuplqdqwv1 Lq
Qdwxudo Uhvrxufh Pdqdjhphqw lq Diulfdq Djulfxowxuh= Xqghuvwdqglqj dqg Lpsurylqj
Fxuuhqw Sudfwlfhv/ hgv1 Fkulvwrskhu Eduuhww/ Iudqn Sodfh dqg Degloodkl Derxg1 FDE
Lqwhuqdwlrqdo Sxeolvklqj lq dvvrfldwlrq zlwk wkh Lqwhuqdwlrqdo Fhqwuh iru Uhvhdufk lq
Djuriruhvwu|/ 668 ss1
^47` Fruehww/ Mdqh1H1P1 4<;;1 Idplqh dqg krxvhkrog frslqj vwudwhjlhv1 Zruog ghyhorsphqw
49 +5<,= 43<<04451
^48` Fxwohu/ S1 4<;9/ Wkh uhvsrqvh wr gurxjkw ri Ehmd idplqh uhixjhhv lq Vxgdq/ Glvdvwhuv
43+6,1
^49` Gdedodq/ D1/ Sdwhuqrvwur/ V1/ Slhuuh/ J1/ hw do1 53371 Wkh uhwxuqv wr sduwlflsdwlrq lq
wkh qrq0idup vhfwru lq uxudo Uzdqgd/ Srolf| Uhvhdufk Zrunlqj Sdshu Vhulhv Qr 6795/
Wkh Zruog Edqn1
^4:` Ghdwrq/ D1 4<<41 %Vdylqj dqg Oltxlglw| Frqvwudlqwv1% Hfrqrphwulfd 8< +8, = 45540457;
^4;` Gh Odph/ Gdqlhooh1 4<<91  Xqh froolqh hqwuh plooh rx oh fdoph dydqw od whpsîwh =
wudqvirupdwlrqv hw eorfdjhv dx Uzdqgd uxudo1 Dqqdohv Vflhqfhv Kxpdlqhv 4871 Pxvìh
Ur|do gh O*Diultxh Fhqwudoh Whuyxuhq1 Ehojltxh1
^4<` Ghufrq/ V1 53371 Lqvxudqfh djdlqvw sryhuw|1 R{irug Xqlyhuvlw| Suhvv1
^53` Ghv Irujhv/ D1 4<<<1 Ohdyh Qrqh wr Whoo wkh Vwru|= Jhqrflgh lq Uzdqgd1 Qhz \run=
Kxpdq Uljkwv Zdwfk1
^54` Grqrydq/ F|qwkld/ Hgvrq P|slvl dqg Vfrww Oryhulgjh1 53351 Irufhv Gulylqj Fkdqjhv lq
Uzdqgdq Vpdookroghu Djulfxowxuh 4<<3053341 Uhvhdufk Uhsruw/ Uzdqgd Irrg Vhfxulw|
Uhvhdufk Surmhfw 2 PLQDJUL1
^55` Idifkdpsv/ Pdufho/ Jdyldq/ Vdudk1 4<<:1 %Wkh Ghwhuplqdqwv ri Olyhvwrfn Sulfhv lq
Qljhu1% Mrxuqdo ri Diulfdq Hfrqrplhv 9+5,= 5880<81
^56` Idifkdpsv/ Pdufho/ Xgu|/ Fkulvwrskhu/ F}xndv Ndwkhulqh1 4<<;1 Gurxjkw dqg vdylqjv
lq Zhvw Diulfd= duh olyhvwrfn d exhu vwrfnB Mrxuqdo ri Ghyhorsphqw Hfrqrplfv 88=
5:606381
^57` Idifkdpsv/ Pdufho1 4<<;1 %Wkh Wudjhg| ri wkh Frpprqv/ Olyhvwrfn F|fohv dqg Vxv0
wdlqdelolw|/% Mrxuqdo ri Diulfdq Hfrqrplhv :+6,= 6;707561
^58` IDR1 4<<:1 IDR2ZIS Furs dqg irrg vxsso| dvvhvvphqw plvvlrq wr Uzdqgd  4 Mxo|
4<<:/ Vshfldo Uhsruwv dqg Dohuwv +JLHZV,1
^59` IHZV QHW1 5333/ Uzdqgd irrg vhfxulw| xsgdwh/ Rfwrehu 53331
69^5:` Iulhgpdq/ P1/ 4<8:1 D Wkhru| ri wkh Frqvxpswlrq Ixqfwlrq1 QEHU/ Sulqfhwrq1
^5;` IVUS +Irrg Vhfxulw| Uhvhdufk Surmhfw ,/ PLQDJUL2PVX2XVDLG/ Gdwdedvhv iru 4<;70
4<<51
^5<` Ixnxl/ N1/ ) Wxuwrq/ G1 4<:<1 Zduiduh dprqj Hdvw Diulfdq khughuv1 Vhqul hwkqrorjlfdo
vhulhv/ qr 61 Rvdnd= Pxvhxp ri Hwkqrorj|1
^63` Jryhuqphqw ri Uzdqgd/ 5335d1 Sryhuw| Uhgxfwlrq Vwudwhj| Sdshu1 Nljdol/ Plqlvwu| ri
Ilqdqfh dqg Hfrqrplf Sodqqlqj1
^64` Jryhuqphqw ri Uzdqgd/ 5335e1 Lqwhjudwhg Krxvhkrog Olylqj Frqglwlrqv Vxuyh| +53330
5334,1 Nljdol= Plqlvwu| ri Ilqdqfh dqg Hfrqrplf Sodqqlqj1
^65` Jryhuqphqw ri Uzdqgd1 53361 Uhfhqvhphqw Jìqìudo gh od Srsxodwlrq hw gh o*Kdelwdw
Uzdqgd/ 49063 Drþw 5335= udssruw vxu ohv uìvxowdwv suìolplqdluhv1 Nljdol/ Vhuylfh Qd0
wlrqdo gh Uhfhqvhphqw1
^66` Juxqhzdog / Iudqêrlv 1 4<<;/ Fkdudfwhul}lqj Glvdvwhuv/ Jurxsh Xujhqfh Uhkdelolwdwlrq
Ghyhorsshphqw +JXUG, zrunlqj sdshu1
^67` Kdxvpdq/ Mhuu| dqg Wd|oru/ Zlooldp1 4<;41 %Sdqho Gdwd dqg Xqrevhuydeoh Lqglylgxdo
Hhfwv%/ Hfrqrphwulfd 7<+9,= ss 46::046<;1
^68` Lqirufrqjr/ 4<8</ Eux{hoohv/ R!fh gh o*lqirupdwlrq hw ghv uhodwlrqv sxeoltxhv srxu oh
Frqjr Ehojh hw oh Uxdqgd0Xuxqgl/ 66: s1
^69` Mxvwlqr/ S1 dqg S1 Yhuzlps1 53391 Sryhuw| G|qdplfv/ Ylrohqw Frq lfw dqg Frqyhujhqfh
lq Uzdqgd1 KlFQ ZS 491
^6:` Nd}ldqjd/ K1/ Xgu|/ Fk1/ 53391 Frqvxpswlrq vprrwklqjB Olyhvwrfn/ lqvxudqfh dqg
gurxjkw lq uxudo Exunlqd Idvr1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv :< +5,/ 74607791
^6;` Nlqvh|/ Eloo/ Exujhu/ Nhhv/ dqg Jxqqlqj/ Mdq Zloohp1 4<<;1 Frslqj zlwk Gurxjkw
lq ]lpedezh= Vxuyh| Hylghqfh rq Uhvsrqvhv ri Uxudo Krxvhkrogv wr Ulvn1 Zruog
Ghyhorsphqw/ 59+4,= ;<04431
^6<` Nlpedoo/ Plohv1 V1/ 4< / %Suhfdxwlrqdu| vdylqjv lq wkh vpdoo dqg lq wkh odujh%/ Hfrqr0
phwulfd 8;+4,= 860:61
^73` Olp/ \rxqjmdh dqg Wrzqvhqg/ Urehuw/ P1 4<<;1 Jhqhudo Htxloleulxp Prghov ri Il0
qdqfldo V|vwhpv= Wkhru| dqg Phdvxuhphqw lq Yloodjh Hfrqrplhv/ Uhylhz ri Hfrqrplf
G|qdplfv 4/ 8<044;1
^74` Pdggdod/ J1 V1 4<;:1 %Olplwhg Ghshqghqw Yduldeoh Prghov Xvlqj Sdqho Gdwd1% Mrxuqdo
ri Kxpdq Uhvrxufhv 55+6,=638066;1
^75` Pdpgdql/ P1/ 53341 Zkhq Ylfwlpv Ehfrph Nloohuv1 Sulqfhwrq/ Xqlyhuvlw| Suhvv1
6:^76` PfLqwluh/ M1/ G1 Erxu}dw dqg S1 Slqjdol1 4<<51 Furs0Olyhvwrfn Lqwhudfwlrq lq Vxe0
Vdkdudq Diulfd1 Zruog Edqn Uhjlrqdo dqg Vhfwrudo Vwxglhv1 Zruog Edqn/ Zdvklqjwrq/
GF
^77` PfNd|/ D1/ Oryhulgjh/ V1 5338 H{sorulqj wkh Sdudgr{ ri Uzdqgdq Djulfxowxudo Krxvh0
krog Lqfrph dqg Qxwulwlrqdo Rxwfrphv lq 4<<3 dqg 53331 Vwd Sdshu 5338039/ Plfkljdq
Vwdwh Xqlyhuvlw|1
^78` PfShdn/ Mrkq1 53371 Frqwudvwlqj lqfrph vkrfnv zlwk dvvhw vkrfnv= olyhvwrfn vdohv lq
qruwkhuq Nhq|d1 R{irug Hfrqrplf Sdshuv 89= 59605;71
^79` Pljhrwwh/ Iudqêrlv1 4<<:1 Xqh froolqh Uzdqgdlvh ã wudyhuv vhv sudwltxhv g*ìoìydjh1
Dqqdohv Vflhqfhv Kxpdlqhv 4931 Pxvìh Ur|do gh O*Diultxh Fhqwudoh Whuyxuhq/ Ehojltxh1
^7:` Ps|lvl Hgvrq/ Plfkdho Zhehu/ Hppdqxho Vklqjlur dqg Vfrww Oryhulgjh1 53361Fkdqjhv
lq Doorfdwlrq ri Odqg/ Surgxfwlrq dqg Idup Vl}h lq wkh Uzdqgdq Vpdookroghu Vhfwru
Ryhu wkh Shulrg 4<;724<<3 wr 53351 Djulfxowxudo srolf| v|qwkhvlv 9H1 Uzdqgd Irrg
Vhfxulw| Surmhfw2PLQDJUL1
^7;` Qhzexu|/ Gdylg1 4<<:1 %Luuhghqwlvw Uzdqgd= Hwkqlf dqg Whuulwruldo Iurqwlhuv lq Fhqwudo
Diulfd/% Diulfd Wrgd| 77/ qr1 51
^7<` Qhzexu|/ Gdylg/ 4<<;1 %Xqghuvwdqglqj Jhqrflgh%1 Diulfdq Vwxglhv Uhylhz/ 74= :60<:1
^83` SDVDU pdunhw sulfhv 4<;905335/ HX0vsrqvruhg irrg vhfxulw| surmhfw prqlwrulqj
fkdqjhv lq frpprglw| sulfhv1
^84` Sd{vrq/ Fkulvwlqd/ K1 4<<61 Xvlqj Zhdwkhu Yduldelolw| wr hvwlpdwh wkh uhvsrqvh ri
vdylqjv wr wudqvlwru| lqfrph lq Wkdlodqg1 Mrxuqdo ri Srolwlfdo Hfrqrp| 434+4,= 6<0:51
^85` Suxqlhu/ J1 4<<;1 Wkh Uzdqgd Fulvlv= Klvwru| ri d Jhqrflgh1 Orqgrq/ Kxuvw ) Frp0
sdq|1
^86` Uh|qwmhqv/ Ilols/ 4<;8/ Srxyrlu hw gurlw dx Uzdqgd/ Whuyxuhq/ Pxvìh Ur|doh gh
oDiultxh Fhqwudoh/ 83; s1
^87` Urvhq}zhlj/ Pdun/ U1 4<;;1 Ulvn/ Lpsolflw Frqwudfwv dqg wkh Idplo| lq Uxudo Duhdv
ri Orz0lqfrph Frxqwulhv1 Wkh Hfrqrplf Mrxuqdo <;= 447;044:31
^88` Urvhq}zhlj/ Pdun/ U1/ Zroslq/ Nhqqhwk/ L1 4<<61 Fuhglw Pdunhw Frqvwudlqwv/ Frq0
vxpswlrq Vprrwklqj/ dqg wkh Dffxpxodwlrq ri Gxudeoh Surgxfwlrq Dvvhwv lq Orz0
Lqfrph Frxqwulhv= Lqyhvwphqwv lq Exoorfnv lq Lqgld1 Mrxuqdo ri Srolwlfdo Hfrqrp|
434+5,= 55605771
^89` Vdqgirug/ V1 dqg \rkdqqhv Kdewx1 53331 Uhsruw ri wkh Sdvwrudo Dssudlvdo Whdp= Rq
Hphujhqf| Uhvsrqvh Lqwhuyhqwlrqv lq Sdvwrudo Duhdv ri Hwklrsld1 Orqgrq= GILG
6;^8:` Vwhzduw/ Iudqfhv/ dqg Ilw}jhudog/ Ydos|1 53341 Zdu dqg xqghughyhorsphqw1 4 = Wkh
hfrqrplf dqg vrfldo frqvhtxhqfhv ri frq lfw1 R{irug= R{irug Xqlyhuvlw| Suhvv1
^8;` Wrxoplq/ F1 4<<81 Wudfnlqj wkurxjk Gurxjkw= Rswlrqv iru Ghvwrfnlqj dqg Uhvwrfnlqj1
Lq Olylqj zlwk Xqfhuwdlqw|= Qhz Gluhfwlrqv lq Sdvwrudo Ghyhorsphqw lq Diulfd1 +hg1, L1
Vfrrqhv/ Lqwhuphgldwh Whfkqrorj| Sxeolfdwlrqv/ Orqgrq
^8<` Xgu|/ Fkulvwrskhu1 4<<81 Ulvn dqg Vdylqj lq Qruwkhuq Qljhuld1 Wkh Dphulfdq Hfr0
qrplf Uhylhz ;8+8,= 45;:046331
^93` Yhuzlps/ Sk1 53361 Whvwlqj wkh grxeoh0jhqrflgh wkhvlv iru fhqwudo dqg vrxwkhuq
Uzdqgd/ Mrxuqdo ri Frq lfw Uhvroxwlrq 7:= 75607751
^94` Yhuzlps/ Sk1/ 53381 Dq hfrqrplf suroh ri shdvdqw shushwudwruv ri jhqrflgh= plfur0
ohyho hylghqfh iurp Uzdqgd1 Mrxuqdo ri Ghyhorsphqw Hfrqrplfv :: = 5<:6561
^95` Yhusrruwhq/ Pdulmnh dqg Orgh Ehuodjh1 53371 Jhqrflgh dqg odqg vfduflw|= Fdq Uzdq0
gdq uxudo krxvhkrogv pdqdjhB1 FVDH glvfxvvlrq sdshu/ ZSV253370481
^96` Yhusrruwhq/ P1 5338/ Wkh Ghdwk Wroo ri wkh Uzdqgdq Jhqrflgh= d Ghwdlohg Vwxg| iru
Jlnrqjrur Surylqfh/ Srsxodwlrq/ 93+7,1
^97` Yhusrruwhq/ P1 5339/ Frq lfw dqg Vxuylydo= dq Dqdo|vlv ri Vkrfnv/ Frslqj Vwudwhjlhv
dqg Hfrqrplf Prelolw| lq Uzdqgd/ 4<<305335%/ grfwrudo glvvhuwdwlrq/ Fdwkrolf Xqlyhu0
vlw| ri Ohxyhq/ qu1 5551
^98` Zruog Edqn1 53381 Zruog Ghyhorsphqw Lqglfdwruv 5338 +ZGL, FG0URP1
^99` ]hoghv/ V1/ 4<;</ %Rswlpdo frqvxpswlrq zlwk vwrfkdvwlf lqfrph= ghyldwlrqv iurp fhu0
wdlqw| htxlydohqfh1% Txduwhuo| Mrxuqdo ri Hfrqrplfv 437= 5:80<;
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